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Abstract 
This thesis is an investigation of a signalling system used in intrasexual 
communication. The model system is the adult males of a territorial lizard, the 
tawny dragon ( Ctenophorus decresii). Three main aspects were investigated 1) 
whether the study species was capable of rival recognition and what signals may 
carry information on male identity; 2) what intrinsic ( e.g. size) and extrinsic ( e.g. 
residency) factors are important in determining the outcome of contests, and how 
males assess each other; 3) what other information is carried in the signals, 
specifically, is there information on male quality or aggressive motivation. 
Section One 
The ability to discriminate between familiar and unfamiliar conspecifics is important 
in territorial animals as it allows animals to distinguish neighbours from non-
neighbours. This prevents using time and energy in unnecessary aggressive 
interactions. In Chapter One I investigated the ability of C. decresii, to distinguish 
familiar from unfamiliar rivals in a laboratory setting. Males significantly reduced 
their aggression levels in repeat interactions with familiar rivals and increased their 
aggression levels toward unfamiliar males. The time taken for interactions to be 
settled was also significantly lower toward familiar than unfamiliar males. The 
results of this study suggest that adult male tawny dragons can discriminate familiar 
from unfamiliar conspecifics. Furthermore, animals were presented with three new 
rivals in quick succession and were able to discriminate with a low rate of error 
between familiar and unfamiliar males. 
While individual recognition is well documented in a number of taxa, the 
proximate basis of this recognition is less well known. The sensory modalities, and 
the signals within a modality, that are used for individual recognition is often 
unclear. This is particularly true for potential visual identity cues. Chapter Two 
investigates the mechanism of individual identity in C. decresii via two experiments. 
The first experiment investigated whether recognition occurs based on morphology 
alone. The second experiment tested whether the colour patterns, which are 
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individually variable and fixed through adulthood, aid recognition. One-way 
partitions were used to prevent detection of chemical cues and to prevent the 
stimulus lizard from responding to the focal lizard and thus providing behavioural 
cues. In the first experiment, animals could distinguish known from unknown males, 
responding more aggressively to the unknown male. When the gular region was 
obscured in the second experiment animals were unable to distinguish known from 
unknown individuals, with no significant difference in aggression levels to known 
and unknown males. The study shows that visual cues are sufficient to communicate 
individual identity. Furthermore, the study shows that C. decresii can use colour of 
conspecifics as identity cues. 
Section Two 
The determinants of contest outcomes and the method of rival assessment have been 
the subject of much theoretical work, and has resulted in the generation of testable 
predictions. Empirical studies have started to test these predictions but there is still a 
lack of studies using vertebrate models, particularly vertebrates with complex contest 
behaviour. In Chapter Three the effects of size, residency and initiating a fight on 
contest outcomes were determined. Additionally, some of the predictions of 
opponent assessment models were tested by investigating the effect of opponent 
asymmetry on contest duration and also by looking at contest structure. Larger 
lizards were more likely to win contests but residency could override the effect of 
size. Residency was an important determinant of contest outcomes when I controlled 
for male intrinsic quality and body temperature. There was an advantage to initiating 
a contest, suggesting aggressive motivation was a factor in contest outcomes. 
Opponent assessment appears to fit a war of attrition model. Contest duration was 
not related to relative or absolute size of contestants, or to their condition. Winners 
engaged in more behavioural acts than losers and gave more displays, but there was a 
close correlation between the behaviour of winners and losers suggesting that 
animals match behaviour. There was no evidence that assessment followed the 
sequential or cumulative assessment models. 
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Section Three 
In Chapter Four two potential signals used during male-male agonistic encounters 
were examined for signal content. Males of C. decresii have black chest patches, 
which are apparent when they posture during agonistic encounters. Patches are not 
condition or size dependent. The area of the patches is positively associated with 
levels of aggression and likelihood of winning a fight. The patch thus functions as a 
'badge of status ' indicating male aggression. The complex dynamic displays given 
by males contain information on male endurance and size. The number of push-ups 
given during a display reflects the aggressiveness of an animal. There was no 
relationship between patch size and endurance. There was some overlap in the 
content of the two signals, both contain information on aggressiveness, suggesting 
that they may function as back-up signals. The multiple message hypothesis is not 
ruled out as endurance and size are only related to the dynamic displays. However, it 
is not clear that endurance is an important determinant of contest outcomes in this 
species and so it is not certain that the receiver uses this information. 
Signals of male fighting ability, or motivation to fight, allow opponents to 
assess their likelihood of winning without engaging in physical combat. As the value 
of a resource increases to an individual, so should its motivation to defend the 
resource against competitors. Relative resource value is known to influence contests 
but whether information on motivation is signalled, and what aspects of the displays 
carry this information if present, is unclear in most cases. Dynamic signals such as 
displays are expected to carry such information. Display complexity is expected to 
increase with increasing motivation; this may be through including more elements or 
increased repetition of elements. In Chapter Five I manipulated territory quality and 
tested hypotheses concerning the relationship between territory quality, aggression, 
and display structure. In three experiments I manipulated time in residence, perch 
size (this species uses large boulders to inspect their territories), and distance to an 
opponent's territory. Only at the greatest distance to opponent' s territory was any 
difference in aggression levels detected; animals were significantly less aggressive 
when the opponent' s territory was further away. In all treatments the mean number 
of hind-leg push-ups performed in agonistic displays was correlated with aggression 
levels suggesting that this may convey information on male aggressive motivation. 
Vll 
Males showed a strong tendency to match aggression, except at the greatest distance 
to the opponent's territory. 
Vlll 
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Preface 
The aim of this thesis was to investigate the signalling systems used during male-
male contests in an Australian agamid ( or dragon) lizard. I used the tawny dragon, 
Ctenophorus decresii, as a model system. Specifically, the use of static and dynamic 
signals was investigated with the aim of deciphering some of their information 
content. I also determined some of the factors that influence the outcomes of male-
male contests. Chapters represent stand-alone scientific papers each with their own 
concise introduction and discussion. 
Study species 
Ctenophorus decresii is a small agamid lizard of 65-90mm snout-vent length (SVL) 
when mature for males. It is found in Southern Australia, mostly in arid zones, 
ranging from Kangaroo Island in the south to the northern Flinders Ranges, 
populations also extend into western New South Wales (Fig. 1). All animals used in 
this study are from the southern Flinders Ranges. 
Figure 1. Map of Australia with the range of Ctenophorus decresii shown in grey 
(adapted from Cogger 2000). 
Preface 1 
Ctenophorus decresii is found in habitats that display a variety of vegetative 
types but rocky outcrops must be present (Houston 1978; Gibbons 1977). Males use 
these rocks as lookout points to survey their territory and to bask (Houston 1978; 
Gibbons 1977). Crevices between rocks, and burrows dug underneath rocks, serve as 
refuge sites (Houston 1978; Gibbons 1977). This species is an opportunistic 
insectivore with catholic tastes. Males are highly territorial and aggressive towards 
other males. Females also hold territories (Gibbons 1977). Animals do not become 
sexually mature until at least their second year (Gibbons 1977) and can live in 
captivity for 10 years (pers. obs; G. Johnston pers. comm.). 
Ctenophorus decresii is sexually dimorphic in both colour and size. Females 
are brown and more cryptic than males and have relatively smaller heads (Gibbons 
1977). Males are polymorphic for colour with dorsal colouration being blue/grey, a 
ventrally concealed chest badge that is grey/black, and highly variable gular and neck 
colouration (Houston 1978). Gular patterns are unique and consist of a single colour 
or combinations of yellow, blue and orange, and this colour can extend dorsally into 
the neck and back. The colour can be solid or in bars and dots. The pattern and 
colouration is stable over time, and fixed throughout adulthood (Gibbons and 
Lillywhite 1981 ). 
Males have complex displays used in male-male interactions. Fights between 
males involve threat postures such as elevation of the body with the back arched, 
lateral compression, lowering of the gular region and erection of nuchal and vertebral 
crests. Males of C. decresii also perform hind-leg push-ups where the rear of the 
animal is lifted in the air with the tail coiled over the back, often in conjunction with 
head bobbing and forearm waving (pers. obs.; Gibbons 1977, 1979). Some 
behaviours are seen more rarely such as "yawning" where animals gape widely at 
each other, and "bodysurfing" where males lie on their stomach and wave both arms 
simultaneously. The variable morphology and complex social behaviour of C. 
decresii makes it an interesting candidate for studies of signalling systems. There is 
the potential for information to be carried in colouration and in the displays. 
Preface 2 
Rival recognition 
Individual recognition is important for many animals; it can be used to recognise 
mates in monogamous species (Yabuta 2002), offspring in colonial species (Charrier 
et al. 2003; Mathevon et al. 2003), and neighbours or rivals in territorial and/or 
aggressive species (Molles and Vehrencamp 2001; Rosell and Bjorkoyli 2002). The 
ability to recognise individuals with whom frequent or important interactions occur 
can have a number of benefits depending on the social setting. For territorial species, 
the ability to recognise neighbours reduces the need to engage in contests with these 
animals as they can be distinguished from intruders (McGregor 1993; Temeles 1994; 
Lopez and Martin 2001 ). This has a number of fitness benefits in the form of 
allowing energy to be devoted to other tasks such as courtship or foraging, reducing 
the risk of injury that can come with physical combat, or exposure to predators while 
engaging in conspicuous behaviours (McGregor 1993; Lopez and Martin 2001 ; 
Stuart-Fox et al. 2003). There is evidence for rival recognition in diverse vertebrate 
taxa including lizards (Stoddard et al. 1990; Frommolt et al. 2003; Alberts et al. 
1993). 
The basis of this recognition is less well understood. For rival recognition to 
evolve there must be enough non-condition-dependent phenotypic variation in a 
population to provide an individual 'fingerprint' (Olsson 1994a; Whiting 1999; Dale 
et al. 2001). For a character to signal individual identity it must be stable over time, 
therefore fixed after development (Olsson 1994b; Dale et al. 2001 ). It also must be 
non-condition-dependent (Olsson 1994b; Dale et al. 2001). There is evidence among 
vertebrates that rival recognition can occur based on acoustic (Stoddard et al. 1990; 
Frommolt et al. 2003 ), chemical (Vache et al. 2001; Alberts et al. 1993 ), and 
morphological characters (Mateos and Carranza 1997; Dale et al. 2001). For 
example, rival recognition based on acoustic signals has been demonstrated in 
mammal species, such as the barking fox (Frommolt et al. 2003), in amphibians (Bee 
and Gerhardt 2002) and many bird species (Stoddard et al. 1990; Aubin et al. 2000; 
Molles and Vehrencamp 2001 ). The use of chemical cues as cues of individual 
identity has been noted in mammals (Vache et al. 2001 ; Rosell and Bjorkoyli 2002; 
Johnston 2003) and reptiles (Alberts et al. 1993; Aragon et al. 2000; Lopez and 
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Martin 2002a). Plumage colouration of birds also can provide information on 
individual identity (Mateos and Carranza 1997; Dale et al. 2001). In some lizard 
species it has been suggested that enough variation in colour exists to facilitate 
individual recognition (Olsson 1994a; Whiting 1999). Although visual cues have 
been found to aid recognition in different taxa, this is less well studied than the use of 
chemical or acoustic cues (Waas and Colgan 1994; Kendrick et al. 1996; Parr et al. 
2000). Visual cues can be divided into two categories: displays and morphological 
signals. Morphological cues in some species have been experimentally demonstrated 
to aid recognition, for example the paper wasp, Polistes fuscatus , uses yellow facial 
and abdominal markings to recognise nestmates (Tibbetts 2002). However, of the 
few studies that identify visual cues as signals of identity in non-primates, most do 
not determine specifically which visual cues are used (Waas and Colgan 1994; 
Mateos and Carranza 1997). 
As C. decresii are highly territorial it is expected that there would be a fitness 
benefit in being able to distinguish neighbours from strangers, and indeed there is 
strong evidence for rival recognition in this species (Chapter 1). As mentioned there 
is also a great degree of morphological variation in this species, particularly with 
regard to gular colouration. Individual variation also may exist in their display 
structure (Gibbons 1977, 1979). It is likely that C. decresii also can use chemical 
cues for rival recognition. Males mark rocks on their territory with faecal pellets and 
femoral pore exudes (pers.obs; Gibbons 1977). The sister species Ctenophorus fionii 
can distinguish known from unknown males using femoral pore exudes ( G. Johnston, 
unpublished data). Males of C. decresii can recognise rivals based on morphological 
cues alone, that is in the absence of chemical cues or identity cues carried in displays. 
The unique colour patterns of this species may aid recognition (Chapter 2). 
Factors affecting contest success and male assessment 
To understand a signalling system and the type of information likely to be contained 
in the signals, it is also important to know what affects the outcome of fights. 
Intrinsic variables such as size, or extrinsic variables such as residency, may affect 
the outcomes of contests. As fighting also will carry costs, it is expected that 
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methods of assessing opponent quality will evolve to reduce the need for physical 
combat (Parker 1974; Maynard Smith and Parker 1976). The development of 
complex assessment models has allowed biologists to test the predictions of these 
models in empirical studies, and to gain insight into how information is conveyed to 
opponents (Enquist et al. 1990; Leimar et al. 1991; Payne 1998). 
Size and residency are two factors that commonly affect contest outcomes. 
An advantage of larger size has been found in most species studied to date 
(Lindstrom 1992; Huntingford et al. l 995; Jaroensutasinee and Tantichodok 2002), 
although exceptions do exist such as small male advantage in the butterfly 
Heliconius sara (Hernandez and Benson 1998). Residency status may be 
particularly important as a predictor of contest outcomes in territorial species and can 
override size advantages (McMann 1993; Jennions and Backwell 1996; Olsson and 
Shine 2000). There are several proposed advantages that can lead to residents 
winning contests: 1) intrinsically better males are more likely to be territory holders 
(Englund and Olsson 1990; Stokkebo and Hardy 2000); 2) residency is used as a 
conventional cue by which to settle contests ('bourgeois strategy' ) (Grafen 1987; 
Wenseleers et al. 2002); 3) residency leads to mechanistic advantages such as access 
to better resources (Hardy 1998; Hardy and Kemp 2001); 4) or residents view the 
resource being contested as having a higher value than their opponent (Leimar et al. 
1991; Olsson and Shine 2000). For C. decresii there is indeed an advantage oflarger 
size in contests, however this can be overridden by residency. As male quality and 
body temperature were controlled it is unlikely that the first or third hypotheses 
apply. Additionally, as contests are resolved by displays and fighting, the 'bourgeois 
strategy' also does not apply. It is more likely that the resource is of higher value to 
residents, either through time invested or due to the costs of losing their territory 
(Chapter 3). 
Theoretical models predict several potential methods of rival assessment. 
Assessment of rival quality can be made on relative quality such as the Sequential 
Assessment Model (SAM) (Enquist et al. 1990; Leimar et al. 1991 ; Payne 1998), on 
some absolute measure of the opponents quality such as in the Cumulative 
Assessment Models (CAM) (Payne 1998), or based on an animal ' s own quality such 
as in War of Attrition Models (WOA) (Payne 1998). So in the CAM a contestant 
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gives up when the opponent's displays exceed some absolute threshold, and in the 
WOA when an animal's own displays exceed some absolute threshold (Payne 1998). 
Based on empirical data from a variety of species, there is evidence to support these 
models, with different species using different methods of assessment. However, 
most work has been done on invertebrates and there is a paucity of empirical tests on 
the suitability of these models to vertebrate systems. Ctenophorus decresii contests 
showed no evidence of assessment based on absolute quality or relative quality of 
animals, as measured by size and condition, in contrast to the assessment models, but 
animals did show aggression matching which is a prediction of WOA models 
( Chapter 3). 
Information content of male signals 
Signals can take a variety of forms. They can be patches of colour, ornaments, or 
displays. They also can convey a variety of information such as individual identity, 
fighting ability, or motivation to fight. Many animals have a repertoire of signals 
and displays that may function simultaneously in social interactions. Two main 
hypotheses have been proposed for multiple signals in animal displays: 1) The back-
up hypothesis where multiple components signal the same quality to account for 
receiver error in detection and discrimination; and 2) The multiple message 
hypothesis where different display components signal different qualities (Johnstone 
and Grafen 1992; Johnstone 1996). Signals used in male-male contests can be 
loosely assigned to two categories: conventional signalling where signals are 
arbitrarily assigned to their task and thus not directly linked with the attribute they 
represent (Maynard Smith and Harper 1988; Guilford and Dawkins 1995); or 
assessment signalling where signals are more directly associated with the type of 
attribute it represents (Maynard Smith and Harper 1988). Both types of signals can 
be found in a single species and as conventional signals are often static, that is 
always present, they often occur simultaneously with assessment signals. In order 
for these signals to be reliable on average there should be some cost to production 
(Zahavi 1975; Maynard Smith and Harper 1988), whether it is direct, for example the 
signal is energetically expensive (Leal 1999), or indirect, for example social 
remediation where conspecifics will challenge signallers (Candolin 2000; Hein et al. 
Preface 6 
2003). There is a lack of studies examining the multiplicity of potential signals in a 
single model organism, particularly in the context of intrasexual competition. 
An example of conventional signalling is the use of 'badges of status ' to 
signal dominance or aggression (Gonzalez et al. 2002; Baube 1997; Jablonski and 
Matyjasiak 1997). 'Badges of status' allow males to identify the dominance status of 
another individual without having to engage in physical combat (Baube 1997; 
MacLeod 1998; Jones and Hunter 1999). They are most well studied in birds, for 
example the melanic chest patches of the house sparrow which increases in size as 
social ranking increases (Gonzalez et al. 2002; Hein et al. 2003 ; McGraw et al. 
2003). Badges of status also are known in lizards. The size of the orange and yellow 
ventral badges of Platysaurus broadleyi is correlated with the number of times an 
animal wins in contests staged in the field thus signalling male dominance (Whiting 
et al. 2003). For the agamid lizard Ctenophorus ornatus the size of the black chest 
badge predicts territory size and therefore the number of females on a territory and 
may also reflect male social dominance, but does not reflect reproductive success 
(LeBas 2001 ). As mentioned above male C. decresii have dark chest patches that 
vary from light grey to black. A previous study found no relationship between patch 
colour and male contest outcomes (Stuart-Fox 2002). The patches are not condition 
or size dependent and the size of the patch is static over time (Chapter 4). The area 
of the patches is positively associated with levels of aggression and likelihood of 
winning a fight. The patch thus functions as a 'badge of status' indicating male 
aggression (Chapter 4). The use of a signal of aggression would be useful in an 
aggressive species such as C. decresii, as it allows males to assess their chances of 
winning before engaging in a fight. 
Assessment signals of male quality relate more directly to the attribute 
signalled, with the type of information conveyed being a direct function of the signal. 
For example, for many frogs the deepness of the call reflects male size, which for 
many species influences contest outcomes (Davies and Halliday 1978; Wagner 1989; 
Burmeister et al. 2002). As fighting is energetically expensive in a variety of 
species, signalling their ability to sustain activity also indicates their ability to engage 
in combat (Smith and Taylor 1993; Hack 1997a; Neat et al. 1998). Many animals, 
such as iguanid lizards, give dynamic and presumably energetically expensive 
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displays (DeCourcy and Jenssen 1994; Macedonia and Clarke 2001). In some lizard 
species, especially iguanids and phrynosomatids, there is evidence to suggest that 
their displays are related to their endurance capacity and their ability to fight 
(Garland et al. 1990; Robson and Miles 2000; Perry et al. 2004). As mentioned 
above the displays used by male C. decresii in agonistic encounters are highly 
elaborate and are assumed to be energetically expensive and time consuming (pers. 
obs.; Gibbons 1977, 1979). The complex dynamic displays given by males contain 
information on male endurance and size (Chapter 4). Size is a determinant of contest 
outcomes for this species (Chapter 3). However, no relationship was found between 
an animal's endurance capacity and its aggression level, which is a strong predictor 
of its likelihood to win a contest (Chapter 4). Thus in C. decresii the information on 
endurance contained in the display may not be used or indeed be useful to the 
receiver. Endurance and display intensity were not condition dependent; endurance 
also was not related to size. The number of push-ups given during a display reflects 
the aggressiveness of an animal (Chapter 4). As this is likely to be the most 
demanding component of the display, it may reflect an animal's aggressive 
motivation and thus its likelihood to win. 
A number of factors, which can influence an animal's ability to win, may be 
conveyed by a display. As well as intrinsic fighting ability as discussed above ( e.g 
size) (Lindstrom 1992; Hack 1997b ), extrinsic factors such as residency or 
motivation can affect the course of a contest (Hack 1997b; Nijman and Heuts 2000). 
The value of a resource being contested, next to fighting ability, is likely to be 
important in determining the outcome of contests. Motivation levels can be affected 
through asymmetries in knowledge of a resource, such as a territory with the resident 
having invested more time in the resource, or through asymmetries in the value of a 
resource, such as food where the hungrier animal may be more motivated to fight 
(Turner 1994; Stocker and Huber 2001; Nosil 2002). Territory holders are expected 
to be more motivated in a contest where their territory is the contented resource, and 
indeed in many species there is a residency advantage in contests ( Chapter 3; Turner 
1994; Olsson and Shine 2000). In encounters between territorial males, displays may 
be expected to contain more information on motivation than male quality smce 
relative fighting ability should be known already (Lange and Leimar 2003). How 
information on increased motivation is contained within agonistic displays is unclear. 
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The field cricket, Gryllus bimaculatus, uses a different display pattern in agonistic 
encounters when a female is present (Tachon et al. 1999). The little blue penguin, 
Eudyptula minor, uses increasingly risky displays with increasing motivation levels 
(Waas 1991). The territorial collared lizard, Crotaphytus collaris, is less aggressive 
toward neighbours, and the rate of lateral display is correlated with aggression and 
thus may signal motivation (Husak 2004). As male C. decresii are highly territorial 
and residents are more likely to win contests, they would be expected to signal their 
motivational intent to fight. Ctenophorus decresii shows a strong tendency to fight 
in a variety of surroundings when confronted with another male, however, this 
tendency decreases with distance to the opponents territory (Chapter 5). Animals 
probably perceive distant opponents as less of a threat and so show lower aggressive 
motivation when the opponent is further away. The number of push-ups given in 
displays is related to the aggression of an animal and thus is a likely signal of 
aggressive motivation (Chapter 5). 
The results suggest that for C. decresii there are multiple signals used in a 
single context, male-male interactions, and that some of the information carried by 
the signals refers to different aspects of male quality. However, both signals carry 
information on male aggression suggesting some redundancy in the information 
contained which supports the back-up hypothesis. The interaction between multiple 
signals used in a single context, such as male-male contests, is thus complicated. 
Conventional and assessment signals may be used simultaneously, some components 
of a signal may serve to back-up the message of another signal, such as aggression, 
and other components may carry different information on male quality. 
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Rival recognition in the territorial tawny dragon ( Ctenophorus decresii) 
Introduction 
Individual recognition will evolve only if there is an associated fitness advantage. In 
territorial species this advantage may be the ability of individuals to be able to 
distinguish rivals with which they have previously fought from those with which 
they have no prior experience, and therefore not waste energy and risk injury in 
repeating interactions with predictable outcomes (McGregor 1993; Temeles 1994; 
Lopez and Martin 2001). 
For rival recognition to evolve there must be enough non-condition-
dependent phenotypic variation in a population to provide an individual 'fingerprint' 
(Olsson 1994a; Whiting 1999; Dale et al. 2001). There is evidence of rival 
recognition based on individual variation in a number of traits in vertebrates. For 
example, many bird species can distinguish the calls of neighbours from the calls of 
strangers (Stoddard et al. l 990; Aubin et al. 2000; Molles and Vehrencamp 2001 ). 
Plumage colouration of birds also can provide information on individual identity 
(Mateos and Carranza 1997; Dale et al. 2001). Rival recognition based on acoustic 
signals has been demonstrated in mammal species, such as the barking fox 
(Frommolt et al. 2003), and in amphibians (Bee and Gerhardt 2002). The use of 
chemical cues as cues of individual identity has been noted in mammals (Vache et al. 
2001; Rosell and Bjorkoyli 2002; Johnston 2003) and reptiles (Alberts et al. 1993; 
Aragon et al. 2000; Lopez and Martin 2002a). In some lizard species, it has been 
suggested that enough variation in colour exists to facilitate individual recognition 
(Olsson 1994a; Whiting 1999). 
Laboratory studies show that some lizards have very low error rates in 
distinguishing rivals, some species can recognise rivals with which they have 
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interacted only once before (Olsson 1994a; Lopez and Martin 2001; Trigosso-
Venario et al. 2002). This memory, however, is probably lost without social 
reinforcement. In Liolaemus tenuis, the ability to recognise a rival is lost after 20 
days without reinforcement (Trigosso-Venario et al. 2002). 
Among lizards, there is evidence supporting rival recognition in both non-
territorial species, such as Lacerta agilis (Olsson 1994a) and Podarcis hispanica 
(Lopez and Martin 2001 ), and territorial species, such as Crotaphytus collaris (Fox 
and Baird 1992; Husak and Fox 2003). The benefits of rival recognition are similar 
for territorial and non-territorial species since non-territorial individuals tend to meet 
the same individuals within their home ranges (Olsson 1994a; Lopez and Martin 
2001). The territorial species, Crotaphytus collaris, is particularly interesting. It can 
recognise rivals over a broad range of contexts in natural and unnatural settings. 
(Husak and Fox 2003). This suggests its discriminative abilities are flexible. 
The tawny dragon, Ctenophorus decresii, is a small arid zone agamid lizard 
from South Australia and belongs to the rock dragon species complex (Gibbons 
1979). Males are highly territorial and aggressive toward other males. The displays 
used by males in agonistic encounters are highly elaborate and are assumed to be 
energetically expensive, and initial interactions can be time consuming (pers. obs.; 
Gibbons 1977, 1979). It would seem beneficial for males of this species to be able to 
distinguish rivals with which they have already established a dominance ranking 
from unfamiliar individuals. Male tawny dragons have sufficient phenotypic 
variability to allow individuals to be distinguished by human observers. Males are 
polymorphic for colouration, with all animals having unique gular and back patterns. 
Individual variation may also exist in their display structure (Gibbons 1977, 1979). 
It is likely that C. decresii can also use chemical cues for rival recognition as well. 
Males mark rocks on their territory with faecal pellets and femoral pore exudes 
(pers.obs; Gibbons 1977). The sister species Ctenophorus fionii can distinguish 
known from unknown males using femoral pore exudes (G. Johnston, unpublished 
data). 
In this study I addressed the question of whether males can discriminate 
between familiar and unfamiliar rivals. I tested whether males are significantly less 
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aggressive toward familiar compared to unfamiliar rivals. Two measures of 
aggression were used, aggressive behaviour displayed and the interaction time. The 
level of aggression shown should be less toward familiar rivals if animals are able to 
distinguish familiar from unfamiliar rivals. Likewise the interaction time, defined as 
the time taken for one animal to display consistently submissive behaviour, should be 
lower in interactions with familiar conspecifics compared to unfamiliar conspecifics. 
Animals were presented with three rivals sequentially to test their ability to 
discriminate rivals in rapid succession. This also allowed us to determine if the 
effect of losing interferes with an animal's reaction to a rival, which could be a 
possible confounding effect if a losing experience prevented the animal from acting 
aggressively in it's next interaction without necessarily recognising a rival to which 
it has lost. 
Methods 
All animals were collected from the Flinders ranges in South Australia as mature 
adults (SVL > 65mm). They were collected over a wide area to avoid collecting 
neighbours with prior knowledge of one another. Animals were caught by noosing 
using waxed dental floss on the end of a Sm telescopic fishing pole, and immediately 
transferred to calico bags. All individuals were recognisable by their unique gular 
patterns and colouration so it was not necessary to mark them. All animals were 
housed individually in outdoor enclosures for the duration of spring and summer in 
Canberra, Australia. The circular enclosures were 2m in diameter and divided in half 
with one male in each side. The divider prevented males from visual or 
chemosensory contact with other males while in their home enclosures. Enclosures 
had a natural soil substrate, with tussock grass, refugia and basking sites in the form 
of rocks and roof tiles. Food ( captive crickets) and water were available ad libitum. 
Wild insects were available as a food source that supplemented the diet of captive 
crickets. Thirty-two adult males were used in this study and were retained in 
captivity for further studies. 
Experiments were conducted outdoors during November and December 2002, 
and the animals were exposed to natural spring/ summer light cycles and temperature 
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ranges. During the summer months the temperature regime in Canberra is similar to 
that of their native Flinders ranges. Contests were conducted in glass aquaria that 
measured 150x50x50cm and were protected by shade cloth. 
Males were assigned to size-matched groups of four individuals according to 
a size index. The index was calculated by running a principal components analysis 
with data for mass, snout-vent length (SVL) and head width, and ranking the 
regression factor scores obtained. This method of size-matching was preferred to 
using any one size variable as it incorporated any differences in variability of the 
different measures of size, and because SVL, mass and head-width have all been 
shown to be important in determining male contest outcomes (Vitt and Cooper 1985; 
Olsson 1992; Stuart-Fox 2002). 
Animals were initially placed in glass tanks with an opaque divider down the 
middle, so that two size-matched individuals were placed in one tank but were 
unable to see each other. Animals were allowed to acclimatise to the new 
surroundings overnight. Each side had a refuge site and a heat source. The divider 
was then removed and the resulting interaction between male pairs filmed and timed 
(round 1 below). Filming was done using a Panasonic NV-DS28 digital video 
camera mounted on a tripod placed 20cm from the side of the tank. Interactions were 
ended after 20 minutes or when an animal repeatedly tried to escape. This was 
sufficient time for a winner to be decided. All contest were carried out between 1000 
and 1300, when the animals are naturally active. The interactions between male 
pairs were repeated after 24 hours (rounds 2, 4 and 6 below). 
Males were then rematched with a new unfamiliar lizard with which it had no 
prior experience (rounds 3 and 5 below). Each new pairing was in a fresh tank to 
eliminate home and away effects (Russell 1980), with animals allowed to acclimatise 
overnight before each repeated experiment. Interactions with new rivals therefore 
occurred 24 hours after the last fight. All tanks were identical and were cleaned by 
removing any faecal material and wiping to remove chemical residue, before 
swapping animals. For each lizard, there were six interactions against three rivals, 
with each male being paired in a "round robin" fashion so as to eliminate possible 
carry over effects (Russell 1980). In total 96 interactions were carried out. 
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Thus for four individuals, dl, d2, d3, and d4, the successive pairings were as 
follows: 
Round 1) dl * d2 & d3 * d4 
Round 3) dl * d3 & d2 * d4 
Round 5) d 1 * d4 & d3 * d2 
Round 2) dl * d2 & d3 * d4 
Round4) dl * d3 & d2 * d4 
Round 6) d 1 * d4 & d3 * d2 
The recording of each interaction was analysed by taking behavioural 
observations from the tapes and noting the contest winner. In order to keep results 
comparable with other studies on male aggression in this species, behaviours were 
scored according to the following weighted index (modified from Stuart-Fox 2002). 
For aggressive behaviours the following were noted with scores in parentheses: 
biting (3), hind-leg push-up display (3) (this involves lowering of dewlap, lateral 
compression, slow push-ups, and tail coiling), chase (2), aggressive posturing (2) 
(raising of nuchal or vertebral crests, back arching, lateral compression, lowering 
dewlap), tail flick (1 ), and taking possession of central resource (1 ). Submissive 
behaviours were scored as following: fleeing (-2), and lying prostrate (-2). This 
weighted index was based on detailed behavioural studies by Gibbons (1977, 1979) 
documenting male aggressive behaviour and escalation patterns (Stuart-Fox 2002). 
The scores represent a conservative index of male aggression and are analogous to 
the standard scoring systems used in other studies of lizard contests ( e.g. Fox and 
Baird; Whiting 2002). All interactions that were ended early due to repeated escape 
attempts (5 of 96) were adjusted to be comparable to the 20-minute interactions in a 
simple linear fashion (Husak and Fox 2003). This is achieved firstly calculating the 
average score for one minute, so the aggression score obtained is divided by the 
number of minutes the interaction ran for. This average aggression score for one 
minute is then multiplied by the number of minutes the interaction was short by, and 
the resulting number was then added to the actual score obtained during the 
interaction to approximate the score that would have been obtained in a 20-minute 
period. For example, if the interaction ran for 15 minutes the average score for one 
minute was multiplied by 5, this was then added to the original 15 minute score. The 
latency of individuals to react and the time taken for an interaction outcome to be 
determined (taken as the time when one of the animals was consistently submissive) 
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also were compared between interactions with an unfamiliar male and repeat 
interactions with the now familiar male. 
All statistical tests were conducted using SPSS 11.0. Aggressive scores and 
times for latency to react were analysed separately using a linear mixed model based 
on restricted maximum likelihood method (Reml) using aggression or latency as the 
dependent variable, individuals as random factors , and fight number and interaction 
outcome (win or lose) as fixed factors. Thus for fight number there are six levels and 
win/lose has two levels. Data from all 32 males was included in the analysis. The 
model, to compare scores between rounds, produces paired t-test statistics. As 
aggression scores for one of the fighting rounds and times for latency to react were 
not normally distributed, the data for aggression scores and latency to react were 
normalised using a log transformation. The data for interaction time was pooled 
across rounds to either be interaction 1 ( unfamiliar male) or interaction 2 ( familiar 
male), as there was no effect of round on times for first interactions (F2, 44 = 1.046, P 
= 0.360) or second interactions (F2, 44 = 0.758, P = 0.475) as determined by one-way 
anovas. Pooled data were then compared using a Wilcoxon matched-pairs signed 
ranks test. One pair was left out of the analyses as no consistently submissive 
behaviour was seen (N = 47 paired interactions). 
Results 
As the trials were conducted in sequence, rather than familiar and unfamiliar lizards 
being presented randomly, I tested for possible effects of order on animal aggression. 
There was no order effect on aggression levels in first interactions between 
unfamiliar lizards (F2, 53 = 0.074, P = 0.929), as determined by reml using only 
aggression scores with unfamiliar males but the same factors as above. Losers had 
lower aggressive scores than winners in first interactions (F1, 15 = 27.47, P < 0.001 ). 
There was a significant effect of fight number on aggression scores (F 5, 146 = 
8.424, P < 0.001) and winners always had a higher aggression score than losers (F 1, 
10 = 78.693 , P < 0.001). Animals always had a significantly higher aggression score 
in a first interaction with an opponent than in a repeat interaction, this was true of 
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both winners and losers for all three pairings (Round 1 vs 2: t145 = 4.645 , P < 0.001 ; 
Round 3 vs 4: t14s = 2.879, P = 0.005; Round 5 vs 6: t14s = 3.436, P = 0.001) (Fig. 1). 
Also, aggression scores were significantly higher in the first interaction of a new pair 
compared to the second interaction of the last pairing (Round 2 vs 3: t145 = 3 .678, P < 
0.001 ; Round 4 vs 5: t145 = 3.602, P < 0.001) (Fig.I). The effect of fight number was 
significant for winners (Fs, 64 = 4.975 , P = 0.001) and losers (F5,63 = 5.747, P < 
0.001) analysed separately also using the reml model described above, with losers 
having negative or submissive scores in repeat interactions and returning to a 
positive score in interactions with unfamiliar males (Fig. 2). 
There was no effect of fight number (F5,1 48 = 1.850, P = 0.107) or whether an 
animal won or lost (Fi, 6s = 0.268, P = 0.607) on times for latency to react. There 
was a trend however, for the times to be shorter in second interactions within any 
pair (Fig. 3). 
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Figure 1: Mean (+ SE) aggression scores for adult male tawny dragons (N = 32) 
over the six successive rounds against three opponents. Each opponent is met twice 
in succession (II : first interactions; D : repeat interactions). Reml: *** P :S 0.001 , 
** P :S 0.005. Tests performed on log transformed data. 
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Figure 2: Mean ( + SE) aggression scores for adult male tawny dragons over six 
successive rounds with winners and losers listed separately ( D : winners ; II : 
losers) (N = 16 males for each bar, except fight three where for winners, N = l 5 and 
losers, N = 17). 
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Figure 3: Mean latency to react ( + SE) ( s) in aggressive encounters for adult male 
tawny dragons (N = 32 each round, II : first interactions ; D : repeat interactions) . 
All comparisons are non-significant. 
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Interaction times, taken as the time in seconds for one contestant to show 
consistently submissive behaviour, were significantly shorter for second interactions 
(X ±SE= 232 ± 43.3 , N= 47) than first interactions (X ±SE= 575 ± 81.1 , N= 47)(T 
= -4.306, N = 47, P < 0.001). Thus, the time taken to settle a contest was much 
shorter for animals that had previously interacted. 
Discussion 
Male tawny dragons can distinguish unfamiliar rivals from rivals with which they 
have had prior experience. There was no order effect on the aggression levels 
between first interactions with unfamiliar lizards. Males showed increased 
aggression to new rivals compared to aggressive scores in repeat interactions with 
rivals with whom they had already interacted. Animals that lost interactions had a 
negative submissive score in repeat interactions with a familiar lizard and a positive 
aggressive score in first round interactions with an unfamiliar lizard. Losers had 
lower aggressive scores than winners, which is to be expected, as more aggressive 
animals are more likely to win interactions. Animals may also maintain some 
memory of their previous interactions and respond more cautiously in interactions 
with a new male (Jackson 1991). Animals were consistent in roles within a pairing 
but across pairings animals changed from losers to winners and vice versa. In 
addition, the length of time it took for one animal to be consistently submissive was 
significantly lower (by 59%) in repeated interactions with familiar rivals compared to 
contest length in response to unfamiliar rivals. Latency to react also was shorter in 
repeat interactions compared to interactions with new rivals, however the difference 
is not statistically significant. Decreased aggression levels and interaction times 
against familiar rivals, were most likely due to animals that lost the first interaction 
accepting this role in the second interaction; thus, repeat interactions do not escalate 
to the same degree as initial interactions. It is unlikely that animals experienced 
fatigue in repeat interactions, as there was a tendency for animals to react more 
quickly in the repeat interaction with a familiar rival. In the neutral arena used in this 
study there was likely to be little motivation for an animal to persist in a contest he 
has lost since perceivable gains are likely to be low (Trigosso-Venario et al. 2002). 
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This may lead to contests being resolved in a shorter time with fewer repeats 
necessary than in a natural contest. 
It is interesting that the animals used in this study were able to distinguish 
multiple unfamiliar and familiar rivals over a short time frame. They showed a 
consistent change in behaviour between responses to the second presentation of a 
rival and the subsequent initial presentation of an unfamiliar rival. The pattern of 
decreasing aggression to the familiar lizard and then increasing again to an 
unfamiliar lizard was consistently repeated. This ability to continually reassess the 
presented rival has not been investigated previously, as most prior studies presented 
only one familiar and one unfamiliar rival to each subject (e.g. Waas and Colgan 
1994; Whiting 1999). This provides evidence of a strong ability to distinguish rivals 
with a low rate of error. As agamid lizards are visually orientated, and C. decresii 
has a great degree of morphological variation and is highly territorial, it seems 
appropriate that males can distinguish one another with a reasonable degree of 
accuracy. 
For territorial species with repeated interactions between certain individuals, 
it is predicted that the benefits of recognising rivals should outweigh any costs 
(MacGregor 1993; Temeles 1994). As male tawny dragons are highly territorial and 
aggressive it would be advantageous for members of this species to be able to 
distinguish neighbours from non-neighbours or at least known rivals from unknown 
rivals. Repeating contests in this species is likely to carry heavy penalties on energy 
and time. The benefits of recognising rivals would allow males to minimise their 
risk of injury in unnecessary contests and avoid wasting time that could be used in 
other pursuits. 
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Chapter Two 
Colour-coded cues aid rival recognition in male dragon lizards 
Introduction 
Individual recognition is important for many animals; it can be used to recognise 
mates in monogamous species (Yabuta 2002), offspring in colonial species (Charrier 
et al. 2003; Mathevon et al. 2003), and neighbours or rivals in territorial and/or 
aggressive species (Molles and Vehrencamp 2001; Rosell and Bjorkoyli 2002). The 
ability to recognise individuals with whom frequent or important interactions occur 
can have a number of benefits depending on the social setting. In territorial species, 
recognition of neighbours reduces the need for aggressive interactions with these 
individuals, as they can be distinguished from unknown individuals intruding on a 
territory (McGregor 1993; Temeles 1994; Lopez and Martin 2001). This has a 
number of fitness benefits in the form of allowing energy to be devoted to other tasks 
such as courtship or foraging, reducing the risk of injury that can come with physical 
combat, or exposure to predators while engaging in conspicuous behaviours 
(McGregor 1993; Lopez and Martin 2001; Stuart-Fox et al. 2003). 
Although the ability to recognise rivals has been documented in a number of 
taxa, the basis of recognition is less well understood. For a character to signal 
individual identity it must be stable over time, therefore fixed after development 
(Olsson 1994b; Dale et al. 2001 ). It also must be non-condition-dependent, and 
highly variable between individuals (Olsson 1994b; Dale et al. 2001 ). Furthermore, 
there should be some benefit to the signaller as well as the receiver in 
communicating individual identity (Olsson 1994b; Dale et al. 2001 ). The best 
studied sensory modality with regard to recognition of conspecifics is 
chemoreception (Alberts 1991; Gheusi et al. 1997; Johnston 2003 ). A number of 
species from different taxa are able to distinguish known from unknown individuals 
on the basis of chemical messages, for example the salamander Plethodon cinereus 
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(Jaeger 1981 ), the Iberian wall lizard Podarcis hispanica (Lopez and Martin 2002a) 
and the Eurasian beaver Castor fiber (Rosell and Bjorkoyli 2002). There is also 
evidence of acoustic cues being used in individual recognition in a variety of taxa, 
for example amphibians, mammals and birds (Bee and Gerhardt 2002; Charrier et al. 
2003 ; Mathevon et al. 2003 ), often with detailed knowledge of which components of 
an acoustic signal aid recognition (Charrier et al. 2003 ; Mathevon et al. 2003). 
Recently, evidence for individual recognition was found in the electric organ 
discharges of the weakly electric fish Pollymyrus adspersus (Paintner and Kramer 
2003). Visual cues also have been found to aid recognition in different taxa, however 
this is less well studied with the exception of primates (Waas and Colgan 1994; 
Kendrick et al. 1996; Parr et al. 2000). Visual cues can be divided into two 
categories: displays and morphological signals. Many species of iguanid lizard have 
territorial displays that show intra-individual variation (Crews 1975; Dugan 1982; 
Martins 1991 ). It has been shown that individual head-bob amplitude is constant 
over a range of body temperatures in the green iguana, Iguana iguana (Phillips 1995) 
and that variation in duration and height of push-ups is stable across physiological 
states of fatigue and thus is potentially a cue for recognition in the side-blotched 
lizard, Uta stansburiana (Brandt and Allen 2004). Morphological cues in some 
species have been experimentally demonstrated to aid recognition, for example the 
paper wasp, Polistes fuscatus , uses yellow facial and abdominal markings to 
recognise nestmates (Tibbetts 2002). However, of the few studies that identify visual 
cues as signals of identity in non-primates, most do not determine specifically which 
visual cues are used (Waas and Colgan 1994; Mateos and Carranza 1997). 
Determining which cues are used in recognition of individuals is complicated 
by the fact that many animals use signals in a number of sensory modalities that are 
available simultaneously, such as bird song and feather colouration. In order to 
determine which cues are important for recognition, the use of cues in other 
modalities must be obstructed. The use of agamid or dragon lizards as a model 
system allows the experimenter to restrict cues to visual ones. Agamids do not have 
the capability to vocalise, and the use of a partition allows chemical cues to be 
obstructed. I conducted a two-part study to determine if agamid lizards can use 
visual cues to recognise known individuals, and to determine which visual cues are 
important. The tawny dragon ( Ctenophorus decresii) is a small arid zone agamid 
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lizard from South Australia (Gibbons 1979). A previous study by the author found 
that males were able to distinguish between a succession of known and unknown 
males in a laboratory environment (Chapter 1 ). Males are highly territorial and 
aggressive toward other males. The displays used in agonistic encounters are highly 
elaborate and initial interactions can be time consuming so they are assumed to be 
energetically expensive (pers. obs.; Gibbons 1977, 1979). It would be beneficial for 
males of this species to be able to distinguish rivals with which they have already 
established a dominance ranking from unknown individuals. Males are also 
conspicuous and engaging in overt fighting behaviour would increase their predation 
risk (Stuart-Fox et al. 2003). The ability to recognise individuals would reduce the 
need for physical interactions and thus lower the predation risk for both signaller and 
receiver. Male tawny dragons have sufficient phenotypic variability to allow 
individuals to be distinguished by human observers. Males are polymorphic for 
colouration, and all males have a unique gular pattern. The gular colouration 
consists of a single colour or combinations of yellow, blue and orange, this colour 
can extent dorsally into the neck and back area. The colour can be solid or in bars 
and dots. The pattern and colouration is stable over time, and fixed through 
adulthood (Gibbons and Lillywhite 1981 ). 
The first experiment addressed the question of whether C. decresii males can 
use visual cues to recognise known from unknown individuals, specifically if they 
can use morphological cues alone, that is in the absence of cues contained in their 
agonistic displays or chemical signals. The first experiment also functions as a test 
of whether males can still recognise known individuals through the one-way glass 
partition used. As many lizards are known to possess UV sensitive photoreceptors, 
and glass can prevent the transmission of UV light and thus potentially alter the 
appearance of animals compared to under natural light it was important to establish 
that recognition can still occur through glass (Tovee 1995). The second part then 
addressed the question of whether males can use colour cues to recognise known 
from unknown individuals. Where recognition occurs assertive behaviours should be 
seen toward subordinate individuals, or submissive behaviours such as adopting the 
prostrate posture toward dominant individuals. Previous work on C. decresii has 
shown that males are less aggressive towards known subordinate individuals, and 
that losers show submissive behaviour to dominant individuals (Chapter 1 ). 
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Methods 
All animals were collected from the Flinders ranges in South Australia as mature 
adults (SVL > 65mm). Animals were collected over a wide area to avoid collecting 
neighbours with prior knowledge of one another. Animals were caught by noosing 
using waxed dental floss on the end of a Sm telescopic fishing pole, and immediately 
transferred to calico bags. All individuals were recognisable by their unique gular 
patterns and colouration, and so it was not necessary to mark animals. All animals 
were housed individually in outdoor enclosures for the duration of spring and 
summer in Canberra, Australia. The enclosures were 2m in diameter and divided in 
half with one male in each side. The divider prevented males from visual or 
chemosensory contact with other males while in their home enclosures. Enclosures 
had a natural soil substrate, with tussock grass, refugia and basking sites provided in 
the form of rocks and roof tiles. Food and water was available ad libitum in their 
home enclosures. Wild insects were available as a food source, which supplemented 
the diet of captive crickets. Animals were retained in captivity for further studies. 
Experiments were conducted outdoors during January and February 2003 
(experiment 1) and January and February 2004 (experiment 2), and the animals were 
exposed to natural summer light cycles and temperature ranges. Contests were 
conducted in glass tanks that measured 15 Ox5 Ox5 0cm and were protected by shade 
cloth. Tanks had heat cord running the length of them so both animals could bask to 
the same body temperature, and a brick with holes was provided in each side as a 
refuge. Water was available ad libitum. 
Males were assigned to size matched groups of four individuals according to 
a size index. The index was calculated by running a principal components analysis 
with data for mass, snout-vent length (SVL) and head width, and ranking the 
regression factor scores obtained. This method of size-matching was preferred to 
using any one size variable as it incorporated any differences in variability of the 
different measures of size, and because SVL, mass and head-width have all shown to 
be important in determining male contest outcomes (Vitt and Cooper 1985; Olsson 
1992; Stuart-Fox 2002). 
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Is morphology sufficient for individual recognition? 
This experiment was designed to test if recognition of individuals occurs in response 
to morphology (where morphology is any physical visual cue such as colour or size) 
in the absence of agonistic displays and chemical cues. 
Thirty-two adult males were used in this experiment. Sixteen pairs of 
unfamiliar animals matched for size were introduced into glass tanks with an opaque 
divider down the middle, with one lizard on each side so they were unable to see 
each other. Animals were allowed to acclimatise to the new surroundings for an 
hour. The divider was then removed and pairs allowed to interact until a winner was 
decided or 3 0 minutes had elapsed. All contests were decided within this time with 
the contest being ended once an animal chose to flee to prevent unnecessary 
aggress10n. Winners were evident due to continuing assertive behaviour such as an 
alert or aggressive posture. Losers were recognised by a lack of aggressive posturing, 
for example crests being lmvered, and retreating animals would flee when the winner 
postmed or approached .. Refuges were available for animals to hide in. Most contests 
were resolved without physical fighting. Biting occmTed rarely and involved a short 
nip to the base of the tail and no scale damage or other physical trauma was 
experienced as a result, biting was seen in 15 of 116 interactions. All animals 
recovered fully ,vithin 10 to 15 minutes of the contest ending with no signs of 
distress, returning to normal behaviour such as basking and feeding. Animals were 
then left overnight to recover with the opaque divider in place. All observations 
were made from behind a screen to avoid disturbing the animals. 
After the overnight rest period one-way glass partitions were placed in the 
tanks with an opaque divider in front. The purpose of using a one-way partition was 
to avoid eliciting displays from the stimulus lizard as C. decresii rarely respond to 
minor reflections (per. obs.; Gibbons 1977). H was decided to omit any animals 
from analyses whose stimulus lizard moved during trials as potential behavioural 
cues may then be available for recognition, the majority of stimulus lizards basked 
continuously during trials. One animal's response was left out of the losers group (N 
= 16) due to the stimulus lizard moving, all winners were included (N = 15). The 
paiiition also removed the opportunity for animals to use chemical cues. There were 
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two treatments for each lizard; exposure to the known lizard and exposure to an 
unknown lizard. The order of presentation of treatments was randomised. The 
opaque divider was removed and the focal animal allowed to view the other for a 
period of 15 minutes but not vice versa. The focal lizard was filmed using a 
Panasonic NV-DS28 digital video camera mounted on a tripod and placed 20cm 
from the side of the tank. There was a two hour rest period between treatments. All 
contests were carried out between 1000 and 13 00 hours, when the animals are 
naturally active. This was repeated for every pair after two weeks, alternating which 
lizard was used as the focal lizard so that data is obtained for all 32 animals. To test 
the repeatability of the results, the experiment was repeated again after 2 weeks 
repairing the animals within their size-groups. In the repeat, one animal ' s response 
was left out of the winners group (N = 16) and one loser was excluded (N = 14) due 
to the stimulus lizard moving. 
The recording of each interaction was analysed by recording behavioural 
observations from the tapes. I noted the response of the focal lizard, and compared 
its aggressive score to the known lizard to its score for the unknown lizard. In order 
to keep results comparable with other studies on male aggression in this species, 
behaviours were scored according to the following index (Stuart-Fox 2002; Chapter 
1). For aggressive behaviours the following were noted with scores in parentheses: 
hind-leg push-up display (3) (this involves lowering of dewlap, lateral compression, 
slow push-ups, and tail coiling), attempt approach (2), aggressive posturing (2) 
(raising of nuchal or vertebral crests, back arching, lateral compression, lowering 
dewlap), and tail flick (1 ). Submissive behaviours were scored as following: fleeing 
(-2), and lying prostrate (-2) (modified from Stuart-Fox 2002). The scores represent 
a conservative index of male aggression and are analogous to the standard scoring 
systems used in other studies of lizard contests ( e.g. Fox and Baird; Whiting 2002). 
Do colour signals aid individual recognition? 
An experiment was designed to determine if colour signals can be used for 
recognition of familiar individuals in the absence of chemical or display cues. The 
experiment follows the same protocol as above except prior to removal of the opaque 
divider covering the one-way partition I obscured the gular colour patterns of each 
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lizard with blue cream eye shadow to remove the effects of colouration on individual 
recognition (blue/grey dorsal and ventral colouration occurs in this species). 
Animals then were reintroduced to the tanks. Twenty-eight animals were originally 
used in this experiment, with 14 pairs. Again the experiment was repeated for every 
pair after two weeks, alternating which lizard was used as the focal lizard so that data 
is obtained for all 28 animals. All animals were included in the analysis (winners, N 
= 8; losers N = 20). The experiment was repeated again after 2 weeks repairing 24 of 
the animals within their size-groups so that another 24 observations are made. In the 
repeat, one animal's response was left out of the winners group due to its' partner 
moving (N = 6), all losers were included (N = 17). 
Statistical analysis 
All statistical tests were conducted using SPSS 11.0 and are two-tailed. Any effect 
of the order of presentation of known lizards on aggression scores was tested by 
comparing the difference in aggression scores for known and unknown lizards 
between the group that had the unknown lizard presented first and the group that had 
the known lizard presented first using a Mann-Whitney U-test. Any difference in 
response between losers and winners was tested by comparing the difference m 
aggression scores to known and unknown lizards using a Mann-Whitney U-test. A 
Chi-squared test was used to compare the trends in behaviour for losers and winners. 
This test compared the number of animals that increased, decreased or showed no 
change in aggression to the unknown lizard. Wilcoxon signed-rank tests were used 
to compare aggression indices to known and unknown lizards. Winners and losers 
also were tested separately as prior experience (winning/losing) may affect their 
response to unknown lizards. 
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Results 
Is morphology sufficient for individual recognition? 
There was no effect of the order of presentation 9n the levels of aggression shown to 
known and unknown lizards (U = 100.5, N1 = 16, N2 = 15, P = 0.446; repeat: U = 
73.5 , N1 = 15, N2 = 15, P = 0.106). There was no effect of winning or losing on the 
difference in aggression shown to known and unknown lizards (U = 86.5 , N1 = 16, N2 
= 15, P = 0.188 ; repeat: U= 89, N1 = 14, N2 = 16, P = 0.355). The Chi-squared test 
showed a difference in the proportions of lizards increasing or decreasing aggression 
2 2 
to the unknown lizard between losers and winners (X 2 = 9.064, P = 0.011 ; repeat: X 2 
= 9 .545, P = 0.008). Fourteen out of 16 losers showed an increase in aggression to 
the unknown lizard, two showed no difference in their aggression levels. Nine out of 
15 winners showed an increase in aggression to the unknown lizard, while six 
showed a decrease. In the repeat 14 out of 14 losers showed an mcrease m 
aggress10n to the unknown lizard, eight of 16 winners showed an mcrease m 
aggress10n to the unknown lizard, six showed a decrease and two showed no 
difference in their aggression levels. Losers showed a significant increase in 
aggression to the unknown lizard (T= -3.301 , N= 16, P = 0.001 ; repeat: T= -3.306, 
N = 14, P = 0.001). Losers had a negative submissive score to known lizards and a 
positive aggressive score to unknown lizards (Table 1 ). Winners showed a non-
significant increase in aggression to the unknown lizard compared to the known 
lizard (T = -0.512, N = 15, P = 0.609; repeat: T = -1.508, N = 16, P = 0.132) (Table 
1 ). Pooling the data for losers and winners, there was a significant increase in 
aggression to the unknown lizard compared to the known lizard (T = -2.338, N = 3 I , 
P = 0.019; repeat: T= -3.226, N = 30, P = 0.001) (Fig.I) . 
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Table 1: Is morphology sufficient for individual recognition? Aggression scores in 
response to known and unknown lizards by adult male tawny dragons (First 
experiment: losers, N = l 6; winners, N = l 5; pooled data N = 3 l. Repeat experiment: 
losers, N= 14; winners, N= 16; pooled data, N= 30) 
Aggression score (X ± SE) 
First experiment Repeat experiment 
Known Unknown Known Unknown 
Losers -2.375 ± 0.375 5.186 ± 2.312 -4.000 ± 1.148 4.786 ± 2.980 
Winners 17.067 ± 2.572 22.933 ± 5.146 18.000 ± 3.587 26.500 ± 7.068 
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Figure 1: Is morphology sufficient for individual recognition? Mean (± SE) 
aggression scores for adult male tawny dragons to known and unknown males (N = 
31 ; D ) and for repeated experiment with new pairings (N = 30; 11 ). Wicoxon: 
*** P = 0.001 , * P < 0.05. 
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Do colour signals aid individual recognition? 
There was no effect of order on the levels of aggression shown to known and 
unknown lizards (U= 95.5, N1 = 14, N2 = 14, P = 0.910; repeat: U= 56, N1 = 12, N2 
= 11, P = 0.566). There was no effect of winning or losing on the difference in 
aggression shown to known and unknown lizards (U = 48, N1 = 20, N2 = 8, P = 
0.11 O; repeat: U = 31.5, N1 = 17, N2 = 6, P = 0.177). The Chi-squared test showed 
no difference in the proportions increasing or decreasing aggression to the unknown 
2 2 
lizard between losers and winners (X 2 = 5.803, P = 0.055; repeat: X 2 = 4.534, P = 
0.104). Losers showed no significant difference in aggression to the known or 
unknown lizard (T= -1.822, N= 20, P = 0.068; repeat: T= -0.312, N= 17, P = 
0.755). Losers had a positive aggressive score to known lizards and unknown lizards 
(Table 2). Winners showed no significant difference in aggression to the known or 
unknown lizard (T = -0. 700, N = 8, P = 0.484; repeat: T = -1.153, N = 6, P = 0.249) 
(Table 2). Pooling data for winners and losers there was no significant difference in 
aggression to the known or unknown lizard (T = -1.283, N = 28, P = O. l 99; repeat: T 
= -0.948, N = 23, P = 0.343) (Fig. 2). 
Table 2: Do Colour Signals Aid Individual Recognition? Aggression scores in 
response to known and unknown lizards by adult male tawny dragons when the gular 
region colouration is obscured (First experiment: losers, N = 20; winners, N = 8. 
Repeat experiment: losers, N = l 7; winners, N = 6) 
Aggression score (X ± SE) 
First experiment Repeat experiment 
Known Unknown Known Unknown 
Losers 8.700 ± 2.340 4.150 ± 2.023 4.235 ± 2.252 2.941 ± 1.436 
Winners 10.750 ± 3.619 12.875 ± 2.767 16.667 ± 1.961 13.000 ± 3.256 
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Figure 2: Do Colour Signals Aid Individual Recognition? Mean(± SE) aggression 
scores for adult male tawny dragons to known and unknown males (N = 28; D ) and 
for repeated experiment with new pairings (N = 23; II ) when the gular region 
colouration is obscured. 
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Discussion 
The data from experiment one is consistent with male C. decresii being able to 
recognise other males with which they have previously interacted using only 
morphological cues. Experiment one also serves as a control by demonstrating that 
C. decresii can recognise individuals through glass partitions. The use of a one-way 
partition blocked chemical signals and also meant that no behavioural cues, such as 
agonistic displays, were available to aid recognition. All losers showed an increase 
in aggression to the unknown lizard, regardless of order of presentation, and acted 
submissively to the known lizard. Losers were never seen to approach to the known 
lizard. However, the level of aggression was lower than that shown by winners 
suggesting that there may be an affect of memory. Although losers are aggressive 
toward unknown males they show a decreased level of commitment in that 
aggression compared to the reaction of winners to unknown males. Winners tended 
to be more aggressive to the unknown male but this was non-significant and some 
males showed a decrease in aggression. This is likely to be caused by the lack of 
response and therefore an inappropriate response by the stimulus lizard. A previous 
study by the author, which allowed animals to interact without partitions, found that 
both winners and losers decreased aggression to the known lizard ( Chapter 1). 
The results of experiment two show that when the gular colouration of males 
is obscured animals fail to respond differentially to known and unknown individuals. 
There was no significant difference in aggression to unknown compared to known 
lizards, with a tendency for animals to be more aggressive to the known lizard. 
Losers were aggressive to both known and unknown males. If recognition occurred 
losers would be expected to act submissively to known males. As removing 
obscuring the gular colour prevented recognition, this suggests that colouration can 
act as a cue for individual recognition in C. decresii , or at least obscuring colour 
causes animals to look sufficiently different to prevent recognition based on other 
morphological cues and so colour can aid recognition. Again, the aggression scores 
of losers were lower than those of winners suggesting a lower tendency to fight. In 
some polymorphic lizard species, such as Uta stansburiana, colour is known to 
signify the aggressiveness of the lizard (Sinervo et al. 2000). Differential fighting or 
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mating tactics of C. decresii in the field has not been investigated in the context of 
colour type. However, one study has found that male colour is unrelated to 
aggression or contest outcome thus it would be unlikely that losers had considered 
their chances of winning against a known opponent greater based on the change in 
colouration (D. Stuart-Fox and G. Johnston, submitted ms.). 
The colour patterns of male C. decresii fit the necessary criteria for a 
character to be used as a cue for individual identity. They are developed before 
sexual maturity and are stable through adulthood (Gibbons and Lillywhite 1981 ). 
Both signallers and receivers of this species would benefit from being able to 
distinguish individuals in a natural setting. Males are highly aggressive and 
territorial and being able to distinguish neighbours from intruders would reduce the 
need for unnecessary conflict. The bright gular colour is unlikely to carry a high 
predation risk as most predators of C. decresii are avian, and the gular colour is 
ventral, however dorsal and lateral colouration may carry such a cost (Gibbons 1977; 
Stuart-Fox et al. 2003). It is likely that C. decresii can use other cues for recognition 
as well. Males of C. decresii mark rocks on their territory with faecal pellets and 
femoral pore exudes (pers.obs; Gibbons 1977). The sister species Ctenophorus fionii 
can distinguish known from unknown males using femoral pore exudes (G. Johnston, 
pers. comm.). Chemical recognition of rivals in lizards is well documented (Cooper 
1996; Lopez and Martin 2002a; Aragon et al. 2003). It is also possible that the 
displays carry information on identity, as they have been described as having inter-
individual variability (Gibbons 1977, 1979). Inter-individual variability is common 
in other lizards with overt displays, and some characteristics are consistent within 
individuals across physiological states in two species, Iguana iguana and Uta 
stansburiana (Phillips 1995; Brandt and Allen 2004). However, it is yet to be 
demonstrated that displays are actually used as an identity cue. Displays could 
function potentially as a cue of identity over distances greater than that over which 
colour patterns can be determined. 
As aggression scores toward unknown males were lower for losers than for 
winners in both experiments, it is possible that animals maintain some memory of 
their previous experience into new interactions (Jackson 1991). It is also possible 
that losers are generally less aggressive individuals (Jackson 1991 ). As losers were 
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initiating the interaction with unknown individuals and attempted to approach 
through the glass, it seems most likely that the reduced aggression is due to caution, 
caused by the previous losing experience. Losers provided a stronger test of 
recognition due their submissive response to known males and aggressive response 
to unknown males. As winners respond aggressively to both, it is more difficult to 
gauge the response as recognition or not, although in the first instance of experiment 
one and the repeat the trend was for a mean increase in aggression toward the 
unknown male. A previous study by the author found winners to be less aggressive 
to known males but this was accompanied by submissive behaviour by the loser in 
response to the winner (Chapter 1). The lack ofresponse to winners by the stimulus 
lizard through the one-way partition is likely to have caused winners to also be 
aggressive to known males in this experiment. 
Agamid lizards make an appropriate model for the study of visual cues in 
recognition of conspecifics, as it is possible to eliminate other potential signals of 
identity. Males of C. decresii can recognise individuals with whom it has previously 
interacted by using visual cues alone. Further research could investigate the use of 
chemical scents and also if displays allow recognition. Finer scale manipulations of 
colour (possibly with paints matched to the spectral .reflectance of the study animals) 
would also help to identify how much colour manipulation can be tolerated before 
recognition is lost. 
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Chapter Three 
Determinants of contest success in the territorial tawny dragon, 
Ctenophorus decresii 
Introduction 
The determinants of contest outcomes in male-male contests and the method by 
which males assess opponents have attracted the attention of biologists for some time 
(Parker 1974; Caryl 1979; Enquist et al. 1990). Asymmetries between males are 
expected to affect fighting success, and the ability to win contests can affect a male's 
reproductive success (Huntingford and Turner 1987). As fighting also will carry 
costs, it is expected that methods of assessing opponent quality will evolve (Parker 
1974; Maynard Smith and Parker 1976). The development of complex assessment 
models has allowed biologists to tests the predictions of these models in empirical 
studies, and to gain insight .into how information is conveyed to opponents (Enquist 
et al. 1990; Leimar et al. 1991; Payne 1998). 
Several male attributes and environmental features are important in resolving 
male-male contests, although the way these factors interact is variable across species. 
Size differences between opponents predict contest outcomes in many species, sand 
gobies for example, (Lindstrom 1992; Huntingford et al. l 995; Jaroensutasinee and 
Tantichodok 2002), but other factors can override the effects of size, such as prior 
contest experience in crab spiders (Hoefler 2002) or residency in snow skinks 
(Olsson and Shine 2000). Residency status may be particularly important as a 
predictor of contest outcomes in territorial species (McMann 1993; J ennions and 
Backwell 1996; Olsson and Shine 2000). There are several proposed advantages that 
can lead to residents winning contests: 1) intrinsically better males are more likely to 
be territory holders; 2) residency is used as a conventional cue by which to settle 
contests ('bourgeois strategy') (Grafen 1987; Wenseleers et al. 2002); 3) residency 
leads to mechanistic advantages such as access to better resources (Hardy 1998; 
Chapter Three ......... 3 6 
Hardy and Kemp 2001); 4) or residents view the resource being contested as having 
a higher value than their opponent (Leimar et al. 1991; Olsson and Shine 2000). 
Theoretical models predict several potential methods of rival assessment. 
The Sequential Assessment Model (SAM) predicts that animals compare their size 
relative to that of their opponent by taking the average of their opponent's display. 
Display repetition therefore allows for a more accurate assessment (Enquist et al. 
1990; Leimar et al. 1991; Payne 1998). The behaviour of contestants under the SAM 
should be divided into phases, with displays within a phase being repeated at the 
same magnitude, and with behaviour escalating between phases (Enquist et al. 1990; 
Payne 1998). The number of phases entered should increase with decreasing 
asymmetry (Enquist et al. 1990). Under the SAM, contest duration should correlate 
with the relative fighting ability of opponents, increasing in duration as asymmetry 
between contestants decreases (Leimar et al. 1991; Taylor and Jackson 2003). The 
Cumulative Assessment Model (CAM) predicts that animals will give up when the 
sum of an opponent's displays crosses a threshold (Payne 1998). The War of 
Attrition models (WOA) predict that animals will give up when their own efforts in a 
contest exceed a threshold (Payne 1998). In the CAM and WOA models contest 
duration should correlate positively with the absolute fighting ability of the male of 
poorest quality (Briffa and Elwood 2000; Taylor and Jackson 2003). Under these 
two models repetition of displays is a method of testing the opponent's ability to 
withstand the accumulation of time-associated costs such as endurance or external 
costs such as predation risk (Payne 1998; Brick 1999). In WOA animals should 
show behavioural matching in order to keep contests reliable, however contestants 
should use different strategies depending on their quality in the CAM (Payne 1998; 
Pratt et al. 2003). Based on empirical data from a variety of species, there is 
evidence to support these models, with different species using different methods of 
assessment. However, most work has been done on invertebrates and there is a 
paucity of empirical tests on the suitability of these models to vertebrate systems. 
This study aimed to investigate the determinants of contest outcome in the 
tawny dragon lizard, Ctenophorus decresii, specifically looking at the importance of 
size and residency and how they interact. Both have been found to influence contests 
in other lizards although the relative influence of residency over size is uncertain 
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(McMann 1993; Olsson and Shine 2000; Hardy and Kemp 2001). I also tested some 
of the predictions of the above assessment models to determine what method of 
assessment is used by this species. Specifically, I test if contest duration is related to 
the relative or absolute size of opponents, or to the degree of asymmetry between 
them. I also tested for behavioural differences between opponents. 
Methods 
Study animal 
Ctenophorus decresii is a small arid zone agamid from South Australia (Gibbons 
1979). Males are highly territorial and aggressive towards other males. Fights 
between males involve threat postures such as elevation of the body with the back 
arched, lateral compression, lowering of the gular region and erection of nuchal and 
vertebral crests. Dynamic components include hind-leg push-ups where the rear of 
the animal is lifted in the air with the tail coiled over the back, often in conjunction 
with head bobbing and forearm waving (pers. obs.; Gibbons 1977, 1979). Contests 
often result in wrestling with males locking jaws, however, this appears not to result 
in injury (pers. obs.). The order of these components appears not to be set and any of 
them may be absent in a contest (pers. obs.). All animals were collected from the 
Flinders Ranges in South Australia as mature adults (SVL > 65mm) in 2000 and in 
2001. Animals were caught by noosing using waxed dental floss on the end of a Sm 
telescopic fishing pole, and immediately transferred to calico bags. All individuals 
were recognisable by their unique gular patterns and colouration, and so it was not 
necessary to mark animals. Animals were housed individually in outdoor enclosures 
for the duration of spring and summer in Canberra (2003-2004), Australia. The 
enclosures were 2m in diameter and divided in half with one male in each side. The 
divider prevented males from visual or chemosensory contact with other males while 
in their home enclosures. Enclosures had a natural soil substrate, with tussock grass, 
refugia and basking sites provided in the form of rocks and roof tiles. Food and 
water was available ad libitum in their home enclosures. Wild insects were available 
as a food source, which supplemented a diet of captive crickets. Twenty-four 
animals were used in this study. Animals were retained in captivity for further 
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studies. Experiments were conducted in January and February 2004 during the hours 
of 1000 and 1400 hours when the animals are naturally active. 
Experimental design 
Males were assigned to size matched groups of four individuals according to a size 
index. The index was calculated by running a principal components analysis with 
data for mass, snout-vent length (SVL) and head width, and ranking the regression 
factor scores obtained. Animals were then split into six groups of four size-matched 
animals according to this ranking. This method of size-matching was preferred to 
using any one size variable as it incorporated any differences in variability of the 
different measures of size. In addition SVL, mass and head-width all have shown to 
be important in determining male contest outcomes (Vitt and Cooper 1985; Olsson 
1992; Stuart-Fox 2002). Male body condition was calculated as (mass/snout-vent 
length3) (Olsson 1994b). 
There were five treatments: resident versus size-matched non-resident 
(R=NR); non-resident versus size-matched non-resident (NR=NR); resident versus 
larger non-resident (R <NR); resident versus smaller non-resident (R>NR); and small 
non-resident versus larger non-resident (NR>NR). In total 60 contests were 
conducted, 12 in each treatment. For each treatment the lizards were paired with a 
novel male. Four interactions were conducted a day with a two day rest period 
between treatments for each group. 
For the three non size-matched treatments, animals were divided into six size-
matched groups of four as above, and the three groups of smaller lizards were paired 
with the three groups of larger lizards so that the size difference was constant (i.e. the 
smallest group of lizards with the smallest of the three larger groups of lizards). This 
produced three groups, consisting of four size-matched small lizards and four size-
matched large lizards, giving four pairs per group in any treatment. The mean 
differences in size index for each group were: 1) X ± SE= 1.911 ± 0.076, N = 12; 2) 
X ±SE= 1.486 ± 0.064, N = 12; 3) X ±SE= 1.844 ± 0.140, N = 12. The order of 
treatments was different for each group to balance any possible order effects. For the 
three groups the order of treatments was: Group 1) NR> NR, R <NR, R> NR; Group 
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2) R<NR, R>NR, NR>NR; Group 3) R>NR, NR>NR, R<NR. For the two size-
matched treatments, animals were divided into six size-matched groups of four. The 
order of treatments was different for each group to balance any possible order 
effects. For three groups the order was: N=NR, R=NR, and for the other three the 
order was R=NR, NR=NR. 
Behavioural observations 
Experimental interactions were conducted in the outdoor enclosures. Each animal ' s 
home enclosure was used to test the effects of residency, and other enclosures 
( enclosures with no resident male) were used to test the effects of size independent of 
residency. All observations were made from behind a screen, and a Dictaphone was 
used to record all observations. In all contests, handling effects were kept equal. 
Animals were caught in the morning and kept in calico bags in the shade to ensure 
body temperatures were equal. Both contestants were placed in a separate 
compartment of a cardboard box then placed into the enclosure and the lid opened so 
that animals could exit when they were ready. The time for the start of an interaction 
was taken from when both animals were out and could see each other; this is when 
the first signs of excitement would be seen such as raised crests. 
Interactions were documented by taking behavioural observations from the 
tapes and noting the contest winner and initiator, and the duration of the contest. 
Winners were easily determined based on continuing assertive behaviour such as an 
alert or aggressive posture. Losers were recognised by a lack of aggressive 
posturing, for example lowered crests, and retreating animals would flee when the 
winner postured or approached. Refuges were available for retreating animals. 
Behaviours were scored according to the following index. For aggressive behaviours 
the following were noted with scores in parentheses: biting (3), hind-leg push-up 
display (3) (this involves lowering of dewlap, lateral compression, slow push-ups, 
and tail coiling), chase (2), aggressive posturing (2) (raising of nuchal or vertebral 
crests, back arching, lateral compression, lowering dewlap), jerky walk (2), and tail 
flick (1) (modified from Stuart-Fox 2002). The scores are a conservative index of 
aggression and analogous to standard scoring systems used in other studies of lizard 
contests (e.g. Fox and Baird 1992; Whiting 1999). Although more than one display 
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may be performed per interaction, individual displays are distinct, with animals 
returning to normal posture afterwards. Bouts of combat are also distinct with 
animals retreating to rest and bask between bouts. Most contests were resolved 
without physical fighting, biting occurred infrequently and involved a short nip to the 
base of the tail, no scale damage or other physical trauma resulted. 
Statistical analyses 
All statistical tests were conducted using SPSS 11.0 and are two-tailed. It was not 
always possible to tell what animal initiated a contest so sample sizes vary for 
treatments (NR=NR: N = II, R=NR: N = IO, NR>NR: N = 12, R<NR: N = IO, 
R>NR: N = 9). Binomial tests were used to compare dichotomous data. Individual 
success through treatments was analysed using Wilcoxon signed rank tests to 
compare the number of contests won as an initiator versus responder, and as a 
resident versus non-resident, and the number of contests initiated as a resident versus 
a non-resident. As the fate of any animal (whether it won or lost) is influenced by 
that of its opponent, only half the animals were included in the analyses as focal 
animals, the others being stimuli, so six randomly chosen small animals and six 
randomly chosen large animal were used (N = 12). Spearmans rank correlation was 
used to determine if the size/condition ratio and absolute size or condition of 
contestants affected contest duration as data was not normally distributed (N = 60). 
A one-way ANOVA was used to determine if contest durations varied depending on 
the outcome. Nine categories of outcome were used as there were nine possible 
categories of winners across the ten treatments. 
Aggression scores were compared between contest initiators and responders, 
and between winners and losers. The data was pooled across treatments and tested 
with a Mann-Whitney U-test, as it was not normally distributed. Kruskal-Wallis 
tests showed that there was no difference in aggression scores across treatments for 
initiators cl 4 = 2.854, P = 0.582) or responders cx2 4 = 4.085, P = 0.395), or for 
2 2 
winners (X 4 = 4.848, P = 0.303) or losers (X 4 = 5.290, P = 0.259). Aggression 
scores were compared between large and small contestants, and residents and non-
residents by pooling the data across treatments with non-size matched animals and 
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conducting a t-test. One-way ANOVA's showed that there was no difference in 
aggression scores across treatments for large lizards (A,33 = 0.089, P = 0.915) or 
small lizards (F2 ,33 = 0.550, P = 0.582), or for residents (F2,33 = 0.259, P = 0.773) and 
non-residents (F2,33 = 0.142, P = 0.868). To test if aggression affected contest 
duration, Spearman rank correlations coefficients were generated as data was not 
normally distributed. The correlation was conducted on data pooled across 
2 
treatments as there was no difference in means for either contest duration (X 4 = 
2 • . x2 2.791, P = 0.593), loser aggression (X 4 = 6.346, P = 0.175), wmner aggress10n ( 4 = 
2 
6.854, P = 0.144), or the difference in aggression between winners and losers (X 4 = 
2.931, P = 0.569) across treatments as determined by Kruskal-Wallis tests. To make 
the aggression index independent of time, only one instance of each behaviour was 
counted, otherwise it would naturally increase with duration. 
The total number of behavioural acts ( each instance of the acts listed below is 
counted) and the number of types of acts ( each act listed below is counted only once) 
were compared between winners and losers using Wilcoxon signed rank tests. 
Behaviours were grouped into categories and counted as jerky walk, posture, bite, 
chase, wrestle, and display. Only behaviours performed prior to contest resolution 
were considered. The number of display and posture repetitions also was compared 
between winners and losers using Wilcoxon signed rank tests. Any relationship 
between size and total number of behavioural acts, the number of types of acts, or 
number of display repetitions was tested using Spearmans rank correlations for one 
treatment (NR=NR; note all treatments were tested but only one presented). 
Results 
Contest outcomes 
Contest initiation 
The initiator of a contest was more often the winner when size and residency were 
equal (NR=NR: 8 of 11, 72%) but this was not significant (Exact binomial 
probability, P = 0.227). For R=NR, there was a non-significant trend for the resident 
to be the initiator of a contest (8 of 10, 80%; Exact binomial probability, P = O. l 09) 
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and residents won I 00% of those contests they initiated (Exact binomial probability, 
P = 0.008). Of two contests initiated by non-residents, one won the contest and the 
other lost to the resident. For NR> NR, size did not affect which animals initiated a 
contest (50% of the time it was the larger lizard), but there was a non-significant 
trend for the initiator to win more often (8 of 12, 67%; Exact binomial probability, P 
= 0.388). Four of twelve fights were lost by the initiator and in these cases the small 
lizard had initiated the contest. For R <NR, the resident and smaller lizard was more 
often the initiator of a contest (9 of 10, 90%; Exact binomial probability, P = 0.021), 
and won 6 of 9 contests initiated (67%; Exact binomial probability, P = 0.508). One 
contest was initiated by a larger non-resident who lost, so for this treatment in total 6 
of IO initiators won the contest (60%; Exact binomial probability, P = 0.527). For 
R>NR, resident and larger lizards were not more likely to initiate a contest (5 of 9, 
56%; Exact binomial probability, P = I .000), but won I 00% of those contests 
initiated (Exact binomial probability, P = 0.063). Four small non-residents initiated 
contests of which only one won, so for this treatment in total 6 of 9 initiators won the 
contest (67%; Exact binomial probability, P = 0.508). 
Pooling the data across treatments there was a strong effect of initiation on 
the winning of contests, 3 7 initiators won out of 52 contests (71 %; Exact binomial 
probability, P = 0.004). In 22 out of 29 contests the resident was the initiator (R=NR 
+ R>NR + R<NR; 76%, Exact binomial probability, P = 0.009). In 12 out of 31 
contests the bigger lizard was the initiator (NR>NR + R>NR + R<NR; 39%, Exact 
binomial probability, P = 0.281). 
Residency 
There was a trend for residents to win contests more often regardless of size 
asymmetry (R=NR: 9 of 12, 75%, Exact binomial probability, P = 0.146; R>NR: 10 
of 12, 83%, Exact binomial probability, P = 0.039; R<NR: 8 of 12, 67%, Exact 
binomial probability, P = 0.388) (Fig.I). Pooling the data across treatments (R=NR 
+ R>NR + R<NR), 27 out of 36 contests were won by the resident (75%, Exact 
binomial probability, P = 0.005). 
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Size 
Larger animals were more often the winner of contests when residency was not a 
factor (NR>NR: 10 of 12, 83%, Exact binomial probability, P = 0.039). Big 
residents were more likely to win over small non-residents (R>NR: 10 of 12, 83%, 
Exact binomial probability, P = 0.039). Bigger non-residents were not more likely to 
win over smaller residents (R<NR: 4 of 12, 33%, Exact binomial probability, P = 
0.388) (Fig.I). Pooling the data across treatments (NR>NR + R>NR + R<NR), 24 
out of 36 contests were won by the larger lizard (67%, Exact binomial probability, P 
= 0.067). 
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Figure 1: Number of contests won by the resident or the larger lizard across 
treatments (N = 12 contests for each treatment). II = larger lizard; D = smaller 
lizard. 
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Individual fighting success 
Animals won contests more often as an initiator than as a responder (T = -2.754, N = 
12, P = 0.006). Animals won more contests as a resident than a non-resident (T = -
2.565, N = 12, P = 0.010). Animals did not initiate more contests as a resident than 
as a non-resident (T = -1.508, N = 12, P = 0.132). 
Contest duration 
There was no significant relationship between contest duration and size ratio (larger 
lizard/smaller) (rs = -0.146, N = 60, P = 0.267) or condition ratio (rs = -0.113 , N = 
60, P = 0.391). There was no significant difference in contest duration depending on 
contest outcome, that is duration was not affected by which animal won (F8,51 = 
0.517, P = 0.838). The order of mean contest lengths according to winner type from 
shortest to longest are given in Table 1. Contest duration was not correlated with the 
absolute size of the smallest contestant (rs = -0.192, N= 60, P = 0.142), or with the 
animal of poorest condition (rs = 0.076, N = 60, P = 0.563). Contests duration was 
not correlated with the size (rs= -0.156, N = 60, P = 0.235) or condition (rs = -0.182, 
N= 60, P = 0.165) of the loser. 
Table 1: Mean contest duration (± SE) according to contest outcome for male C. 
decresii 
Treatment* Winner type+ N Mean duration(± SE) (s) 
NR=NR NR 12 460 ± 110 
R>NR NRs 2 540 ± 180 
Rb 10 600 ± 141 
R=NR NR ~ 660 ± 240 .) 
R 9 720 ± 304 
R<NR Rs 8 675 ± 233 
NRb 4 945 ± 352 
NR>NR NRb 12 948 ± 331 
NRs 2 1140 ± 720 
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* NR=NR: non-resident versus size-matched non-resident; R>NR: resident versus smaller non-
resident; R=NR: resident versus size-matched non-resident; R<NR: resident versus larger non-
resident; NR>NR: small non-resident versus larger non-resident. 
+ NR = size-matched non-resident; NRs = smaller non-resident; Rb= larger resident; R = size-
matched resident; Rs = smaller resident; NRb = larger non-resident. 
Aggression 
Initiators of contests were significantly more aggressive than responders (U = 1001 , 
N 1 = N2 =52, P = 0.022). Winners of contests were significantly more aggressive 
than losers (U = 1283, N 1 = N2 = 60, P = 0.007). There was no difference in 
aggression between large lizards and small lizards (ho = 0.210, P = 0.834) or 
between residents and non-residents (ho = 0.663, P = 0.510). Contest duration 
showed a significant positive correlation with loser (rs= 0.483, N = 60, P < 0.001) 
and winner (rs= 0.465, N = 60, P < 0.001) aggression. There was a non-significant 
negative correlation between the difference in aggression between winners and losers 
and contest duration (rs = -0.227, N = 60, P = 0.082), so as the difference in 
aggression decreased, the duration of the contest increased. Loser and winner 
aggression were highly correlated (rs = 0.884, N = 60, P < 0.001) (Fig. 2). 
Behavioural analyses 
Winners used significantly more types of behavioural acts than losers (T = -3.426, N 
= 60, P = 0.001) (Fig. 3). Winners performed significantly more total acts than 
losers (T = -3.082, N = 60, P = 0.002) (Fig. 3). Winners performed more displays 
than losers (T = -3.231 , N = 60, P = 0.001) (Fig. 3) but did not engage in more 
posturing (T = -0.424, N = 60, P = 0.672). Most contests contained displays by at 
least one animal (50 of 60 contests; 83%). In 40 of 50 contests with displays, one 
animal displayed more than another and in 3 2 of 40 contests this animal was the 
winner (80%; Exact binomial probability, P < 0.001). In contests where only one 
animal displayed that animal was more often the winner (17 of 19 contests; 90%; 
Exact binomial probability, P = 0.001). Contests were as likely to escalate to 
wrestling when the large animal was resident (9 of 12 contests ; 75%) as when the 
smaller animal was resident (8 of 12 contests; 67%; Fishers exact, P = 1.00). There 
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was no relationship between size and behaviour (no of acts: rs= 0.126, N = 24, P = 
0.557; total acts: rs = -0.183, N = 24, P = 0.391; no. of displays: rs = -0.304, N = 24, 
P = 0.149). 
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Figure 2: The relationship between loser aggression and winner aggression for adult 
male tawny dragons (N = 60 contests). 
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Discussion 
Size, residency and initiating a contest all affected an animal's likelihood of winning. 
Larger animals were more likely to win than smaller animals, but residency can 
override the effects of size asymmetry. The lack of a relationship between the 
relative or absolute size of opponents and contest duration is in contrast with 
predictions of the SAM and CAM, but the behavioural data suggests a WOA model 
may fit the contest behaviour of C. decresii. 
Contest outcomes 
There is an advantage of large size in contests between male C. decresii. A size 
advantage has been found in most studies of contest outcome, and presumably the 
larger animal is able to overpower the smaller (Lindstrom 1992; Huntingford et 
al.1995; Jaroensutasinee and Tantichodok 2002). A physical advantage in C. 
decresii may be conferred by greater mass and strength, it also may be due to larger 
males having larger head width, giving them an advantage in contests involving 
wrestling. 
Residency also provided a strong advantage in contests. The effect of size is 
mediated by residency; a smaller resident is more likely to win than a large intruder. 
The effect of residency was not due to differences in body temperature or diet as 
these were controlled. The experimental design also rules out the possibility of the 
intrinsic superiority of resident males (Englund and Olsson 1990; Stokkebo and 
Hardy 2000). It is possible that a superior knowledge of the territory provides some 
advantage or that the perceived cost of losing is greater for resident males (Hardy 
1998; Nijman and Heuts 2000; Olsson and Shine 2000). Residency was not used as 
an arbitrary cue as in the 'bourgeois' strategy as contests often escalated to wrestling 
(Maynard Smith 1976; Grafen 1987). 
Residents were more likely to initiate contests, and initiators were more likely 
to win but there was no relationship between size and initiation; when residency was 
controlled, small lizards were as likely to initiate contests as large lizards. Initiation 
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is thus likely to reflect the aggressive motivation of an animal. Size independent 
initiation also occurs in the velvet swimming crab, and it was suggested that the 
relationship between size and fighting ability may be variable and thus being smaller 
does not always make an animal a loser (Smith et al. l 994 ). Contests may test other 
variables in addition to assessing size differences such as strength, endurance or 
motivation (Smith et al. 1994; Hofmann and Schildberger 2001). 
Fallowing the individual success of animals through the different treatments 
confirmed the advantage of initiation and residency on winning contests, with 
animals more likely to win the contests that they initiated or in which they were 
residents. However, animals did not initiate more contests as a resident. Animals 
that initiated contests were more aggressive than responders. Thus, the initiation of 
contests may be more a reflection of an animal's inherent aggressiveness than a 
reflection of status. 
Opponent assessment 
In contrast to the predictions of the cumulative and sequential assessment models 
(and the energetic WOA), no relationship was found between contest duration and 
the absolute or relative size of contestants (Leimar et al. 1991; Payne 1998). Also in 
contrast to the predictions of the SAM, there was no relationship between contest 
outcome and contest duration. The SAM predicts that the contests should differ in 
length according to the degree of asymmetry in size or residency. Another study 
found no relationship between endurance and either size or aggression, and the lack 
of correlation between contest duration and size confirms this (Chapter 4). However, 
according to these models the longest contests should occur when an intruder or 
small lizard wins (Leimar and Enquist 1984; Jennions and Backwell 1996). The 
shortest contests in this study occurred between size-matched non-residents and the 
longest was when small non-residents won over large non-residents. Despite this, 
only two small non-residents won over large non-residents making this data 
inconclusive, and the data for intruders and smaller animals winning in the other 
contests is not consistent with this theory. For example, where small non-residents 
won over large residents, the contest duration was shorter when the small non-
resident won. 
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In contrast to the SAM and CAM, contests with size and residency 
asymmetries were as likely to escalate when the resident was large as when the 
resident was small. It is possible that small intruders would persist in escalating 
contests that they were unlikely to win due to the 'desperado effect' (Grafen 1987; 
Maan et al. 2001). This is where an animal engages in a contest due to a lack of 
options. There were ample refuges present in enclosures, and these would be 
identifiable to intruders as refuges since enclosures were kept similar. However, C. 
decresii likely suffers from snake predation, which is known for its sister species, C. 
fionni (Johnston 1997), and the safety of refuges on an alien territory would be 
unknown. Small males were as likely as large males to initiate contests, all other 
things being equal. It is possible direct assessment of size does not occur, or contests 
are variable enough ( due to fluctuating male condition for example) for it to be worth 
testing opponents. 
There was a positive correlation between contest duration and animal 
aggressiveness for both losers and winners ( controlled for time), thus the length of a 
contest depended on the aggressiveness of animals. Winners were found to be more 
aggressive than losers, but there was also a strong positive correlation between the 
aggressiveness of winners and losers. This suggests that opponents may match 
behaviour closely and is in agreement of war of attrition models. Given the above 
results regarding contest duration and animal endurance it seems that it is unlikely 
that an energetic war of attrition model would apply. However other costs are likely 
in this species in extended contests, such as reduced vigilance against predation 
(Stuart-Fox et al. 2003). Behaviour matching has also been found in Anolis 
carolinensis (McMann 1993). 
As well as increased aggressiveness, winners displayed some behavioural 
differences compared to losers. Winners included more types of behaviour and 
engaged in more total behavioural acts. Winners also tended to perform more hind-
leg pushup displays per contest. These behavioural correlates of winning were not 
size related. Some contests were decided without the use of hind-leg pushup 
displays or without one contestant performing more than the other. The structure of 
fights also was not consistent with sequential or cumulative assessment. Often there 
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was a lack of repetition of behaviours, which is in contrast with the predictions of 
these models. Some stages were absent in some contests, with opponents 
progressing straight to wrestling, and de-escalation was seen with animals returning 
to displays or postures after wrestling (Payne and Pagel 1997). De-escalation is 
possible under CAM but not SAM (Payne and Pagel 1997; Payne 1998). CAM 
predicts differences between males in behaviour depending on quality but as males 
tended to match behaviour this prediction was not fulfilled (Payne 1998). 
Conclusions 
Size, residency, and aggression all are important in determining the outcome of 
male-male contests in C. decresii. Large animals are more likely to win than small 
animals when both are non-residents, but residents are able to overcome a size 
disadvantage. The mechanism conferring resident advantage is unknown but is 
likely to involve the aggressive motivation of residents being greater than that of 
intruders. An individual's aggression level also is important, with animals that 
initiate contests being more aggressive and more likely to win. Ctenophorus decresii 
does not fit the predictions for SAM or CAM but it is possible that a WOA model 
may fit this species. 
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Chapter Four 
Information content of male agonistic displays in the territorial tawny 
dragon ( Ctenophorus decresii) 
Introduction 
Many animals have a repertoire of signals and displays that may function 
simultaneously in social interactions. Two main hypotheses have been proposed for 
multiple signals in animal displays: 1) The back-up hypothesis where multiple 
components signal the same quality to account for receiver error in detection and 
discrimination; and 2) The multiple message hypothesis where different display 
components signal different qualities (Johnstone and Grafen 1992; Johnstone 1996). 
Few model systems however have had multiple signalling components investigated 
in the context of male-male contests. Signals used in male-male contests may be 
arbitrarily assigned to their task and thus not directly linked with the attribute they 
represent. This is known as conventional signalling, an example of which are badges 
of status (Maynard Smith and Harper 1988; Guilford and Dawkins 1995). Other 
signals may be more directly associated with the type of attribute it represents, this is 
known as assessment signalling (Maynard Smith and Harper 1988). Both types of 
signals can be found in a single species and as conventional signals are often static, 
that is always present, they often occur simultaneously with assessment signals. 
Badges of status should theoretically be of low cost to produce and thus be a 
conventional signal of male quality. Isolated patches of pigment are often found to 
act as a badge of status in vertebrates. The information conveyed by the badge may 
be the social ranking of the animal, for example the melanic chest patches of the 
house sparrow increase in size as social ranking increases (Gonzalez et al. 2002; 
Hein et al. 2003 ; McGraw et al. 2003). The red colouration of three-spined 
sticklebacks also acts as a signal of male dominance (Baube 1997; Candolin 1999). 
Other badges may reflect the aggressive motivation of an individual, for example the 
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white wing patches of the chaffinch, where increased exposure of the patch during an 
interaction reflects increasing aggressive motivation (Jablonski and Matyjasiak 
1997). The badges of these species allow males to identify the dominance status of 
another individual without having to engage in physical combat (Baube 1997; 
MacLeod 1998; Jones and Hunter 1999). Badges of status also are known in lizards. 
The size of the orange and yellow ventral badges of Platysaurus broadleyi is 
correlated with the number of times an animal wins in contests staged in the field 
thus signalling male dominance (Whiting et al. 2003). For the agamid lizard 
Ctenophorus ornatus the size of the black chest badge predicts territory size and 
therefore the number of females on a territory, but not reproductive success, and may 
also reflect male social dominance (LeBas 2001 ). 
Assessment signals of male quality relate more directly to the attribute 
signalled, with the type of information conveyed being a direct function of the signal. 
Thus the display directly signals male quality by letting a male directly assess the 
fighting ability of the opponent. For example many species use vocal signals. The 
energetic calls of baboons for example are correlated with male dominance, with 
more dominant animals giving longer bouts and more calls per bout (Kitchen et al. 
2003). Likewise for many frogs the deepness of the call reflects male size, which for 
many species influences contest outcomes (Davies and Halliday 1978; Wagner 1989; 
Burmeister et al. 2002). Many animals also give dynamic and presumably 
energetically expensive displays such as iguanid lizards (DeCourcy and Jenssen 
1994; Macedonia and Clarke 2001). Fighting is energetically expensive in a variety 
of species and so the endurance capacity of an animal may well have an impact on its . 
ability to engage in sustained activity in display bouts, or physical combat (Smith 
and Taylor 1993; Hack 1997a; Neat et al. 1998). For signals to be reliable the signal 
must be costly to the signaller, and manipulation costly to the receiver (Zahavi 1975; 
Maynard Smith and Harper 1988). Directly linking a signal to the underlying 
physical state of the signaller is one means by which signal reliability can be selected 
for, other mechanisms include the handicap principle where the signal is costly to 
produce or a high cost of a failed bluff (Zahavi 1975, 1977; Johnstone 1995, 1997). 
However, there is some debate about how reliable signals are and models have 
suggested that reliable signalling systems can support low levels of deceit and still be 
stable as long as the signal remains honest on average, in this case the cost to the 
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receiver should be lower for being manipulated than for screening for reliability 
(Dawkins and Guilford 1991; Johnstone and Grafen 1992, 1993). In some cases 
where reliable signalling is costly and there are few costs to cheating, cheating may 
in fact be common (Backwell et al. 2000). The displays used by Ano/is cristatellus 
in an anti-predator contest have been found to be a reliable indicator of male 
endurance capacity (Leal 1999). Threat displays of Uta stansburiana also have been 
found to reliably signal endurance capacity (Brandt 2003). There is evidence that for 
male lizards from the iguanid and phrynosomatid families dominance and display 
production are also correlated with endurance capacity (Garland et al. 1990; Robson 
and Miles 2000; Perry et al. 2004 ). 
The tawny dragon, Ctenophorus decresii, is a small, arid zone agamid lizard 
from South Australia (Gibbons 1979). Males are highly territorial and aggressive 
towards other males. Agonistic encounters in C. decresii have a number of 
signalling components. In this study I examine the information contained in two 
potential signals, the dark chest patches and the dynamic displays, which are 
available simultaneously during male-male encounters. Males have dark chest 
patches that vary from light grey to black. A previous study found no relation 
between patch colour and male contest outcomes (Stuart-Fox 2002). The displays 
used by males in agonistic encounters are highly elaborate and are assumed to be 
energetically expensive and time consuming (pers. obs.; Gibbons 1977, 1979). The 
display elements seen in agonistic encounters include threat postures such as 
elevation of the body with the back arched, lateral compression, lowering of the gular 
region ( or dewlap) and erection of nuchal and vertebral crests. Ctenophorus decresii 
also performs a unique agonistic display termed the hind-leg push-up display where 
the rear of the animal is lifted in the air with the tail coiled over the back, often with 
the back feet leaving the ground, this is often combined with head bobbing and 
forearm waving (pers. obs.; Gibbons 1977, 1979). 
I tested whether the dark chest patches function as a badge of status: do 
males with bigger patches tend to win more fights and/or are they more aggressive? 
I also tested if the agonistic displays are reliable indicators of endurance capacity. 
Finally, I tested whether either features of the display or endurance are related to 
aggression or likelihood to win, and whether endurance is related to badge size. 
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Thus, is there overlap in the signal content or do they convey different information 
on male quality? 
Methods 
Encounters 
All animals were collected from the Flinders ranges in South Australia as mature 
adults (snout-vent length > 65mm) (Gibbons 1977). Animals were caught by 
noosmg, usmg waxed dental floss on the end of a 5m telescopic fishing pole. 
Animals were immediately transferred to calico bags. All individuals were 
recognisable by their unique gular patterns and colouration, and so it was not 
necessary to mark them. Animals were housed individually in outdoor enclosures for 
the duration of spring, summer and autumn in Canberra, Australia. The enclosures 
were 2m in diameter and divided in half with one male on each side. The divider 
was made from 2mm opaque plastic and was buried 10cm into the ground and 
extended to 1.5m in height thus preventing males from visual or chemosensory 
contact with other males while in their home enclosures. Enclosures had a natural 
soil substrate, with tussock grass, refugia and basking sites provided in the form of 
rocks and roof tiles. Food and water were available ad libitum in the lizards' home 
enclosures. Wild insects were available as a food source, which supplemented the 
diet of captive crickets. Animals were retained in captivity for further studies. 
Experiments were conducted outdoors during November and December 2002, 
and the animals were exposed to natural spring/summer light cycles and temperature 
ranges. Contests were conducted in glass aquaria that measured 150x50x50cm and 
were protected by shade cloth. 
Thirty-two adult males were used in this study. Males were assigned to size 
matched groups of four individuals according to a size index, producing eight 
groups. The index was calculated by running a principal components analysis with 
data for mass, snout-vent length (SVL) and head width, and ranking the regression 
factor scores obtained. Using this index to size-match males was preferred to using 
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any one size variable as it incorporated any differences in variability of the different 
measures of size, and because SVL, mass and head-width have all shown to be 
important in determining male contest outcomes in lizards (Vitt and Cooper 1985; 
Olsson 1992; Stuart-Fox 2002). 
Two size-matched males were placed in a glass tank with an opaque divider 
down the middle, so that they were unable to see each other. Each side had a 
refugium and a heat source. The lizards were allowed to acclimatise overnight. 
Prior to removal of the divider a central platform with a heat lamp over it was placed 
in the centre of the tank providing a resource over which the animals could contend. 
The divider was then removed and the resulting interaction between male pairs 
filmed and timed. Filming was done using a Panasonic NV-DS28 digital video 
camera mounted 20cm from the side of the tank. Interactions were ended at 20 
minutes or when an animal repeatedly tried to escape. This was sufficient time for a 
winner to be decided. Winners were denoted by a higher aggressive score (see 
below) and continuing assertive behaviour such as an alert or aggressive posture. 
Escape behaviour was recognised by a lack of aggressive posturing in the retreating 
animal, for example crests being lowered, and retreating animals would consistently 
flee when the winner postured or approached. All contests were carried out between 
1000 and 1300, when the animals are naturally active. 
Males were then rematched with a new unknown lizard. Each new pairing 
was in a new clean tank (see Russell 1980), with animals allowed to acclimatise in 
each instance overnight before repeating the experiment. Thus interactions with new 
rivals occurred 24 hours after the last fight. All tanks were identical and cleaned 
before swapping animals. There were three interactions in total per lizard with males 
being paired in a "round robin" fashion so as to eliminate possible carry over effects 
(Russell 1980). In total 48 interactions were carried out, six contests per group of 
lizards. 
Thus for four individuals, dl , d2, d3, and d4, the successive pairings were as 
follows (* represents pairings): 
Round l)dl * d2 & d3 * d4 
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Round 2) dl * d3 & d2 * d4 
Round 3) dl * d4 & d3 * d2 
The recording of each interaction was analysed by taking behavioural 
observations from the tapes and noting the contest winner. In order to keep results 
comparable with other studies on male aggression in this species, behaviours were 
scored according to the following index (modified from Stuart-Fox 2002). For 
aggressive behaviours the following were noted with scores in parentheses: biting 
(3), hind-leg push-up display (3) (this involves lowering of dewlap, lateral 
compression, slow push-ups, and tail coiling), chase (2), aggressive posturing (2) 
(raising of nuchal or vertebral crests, back arching, lateral compression, lowering 
dewlap), tail flick (1 ), and taking possession of central resource (1 ). Submissive 
behaviours were scored as following: fleeing (-2), and lying prostrate (-2). As 
interactions were ended when an animal became prostrate (they do not become active 
again until the aggressor is no longer visible) or attempted to escape the negative 
component was generally small thus preventing aggression score differences from 
becoming inflated. Most contests were resolved without physical fighting, biting 
occurred infrequently and involved a short nip to the base of the tail. No scale 
damage or other physical trauma was experienced as a result and all animals 
recovered fully within 10 to 15 minutes of the contest ending, returning to normal 
behaviour such as basking and feeding. All interactions that were ended early due to 
repeated escape attempts (5 of 48) were adjusted to be comparable to the 20-minute 
interactions in a simple linear fashion. This is achieved firstly calculating the 
average score for one minute, so the aggression score obtained is divided by the 
number of minutes the interaction ran for. This average aggression score for one 
minute is then multiplied by the number of minutes the interaction was short by, and 
the resulting number was then added to the actual score obtained during the 
interaction to approximate the score that would have been obtained in a 20-minute 
period. For example, if the interaction ran for 15 minutes the average score for one 
minute was multiplied by 5, this was then added to the original 15 minute score. 
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Badge size 
To measure badge size, digital pictures of badges were taken using the macro lens of 
a digital camcorder (Panasonic NV-DS28), and stills extracted as bitmap files. The 
reflectance spectrum of the chest patch was measured in a study by D. Stuart-Fox 
and G. Johnston (submitted ms.) and found only to reflect in the visible spectrum. 
Animals were constrained against clear Perspex in order to film their badges, and a 
guide ruler included in the film for scale. The bitmaps were imported into Scion 
Image Beta 4.0.2. and an outline of the badge drawn, the area was then calculated in 
mm
2
. It was then tested if badge size correlated with measures of male size (snout-
vent length, head width, or mass), or male body condition (mass/snout-vent length3) 
(Olsson 1994b). Badges were measured both in autumn 2002 (March) and spring 
2002 (November), when the experiments were conducted, to determine if badge size 
varied between seasons. The relationship between badge size and animal aggression 
and the likelihood to win was explored. 
Agonistic displays and endurance capacity 
Ctenophorus decresii is an arid zone species and the habitat is prone to occasional 
flooding so populations will be adapted to swim; flooding as been suggested as a 
dispersal mechanism for this species (Gibbons and Lillywhite 1981 ). Swimming is 
instinctive, provides a strong motivational drive and it is easy to gauge with accuracy 
as when a lizard is tired as it simply ceases to swim. This means we can get more 
accurate measurements of endurance than by using measurements of running ability, 
measurements of which often results in sub-maximal performance in lizards (Losos 
et al. 2002). Ctenophorus decresii also do not engage in prolonged bouts of running 
but instead use short bursts to escape predators, always being close to a refuge site 
(pers. obs). Thus swimming is an appropriate measure of endurance for the study 
species. 
To measure endurance capacity a heated water bath (50x40cm) filled to a 
depth of around 10cm was used. Males were brought into the lab and housed 
individually in plastic boxes (50x30x28cm), with water available ad libitum, and 
allowed to acclimatise overnight. The containers were placed on heat tape set to 
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40°C. It was ensured that all animals had been basking for the same period of time 
so that all test subjects were at the same body temperature. Additionally the room 
was temperature controlled so that the night-time temperature was also constant (15 
0C). The temperature of the water was maintained at the species preferred optimum, 
36°C (Gibbons 1977). Trials were started by releasing the test subject in the water. 
Animals would begin to swim immediately. Animals were stimulated to keep 
swimming with a tap at the base of the tail when necessary. Swimming time was 
measured with a stopwatch from the time the animal was placed in the bath until the 
trial was ended. Trials were terminated when the animal failed to respond to five 
taps to the base of the tail. When exhausted, animals would gulp air and float thus 
there was no risk of sinking or drowning. The time that the animal could 
continuously swim was noted, and used as a measure of endurance capacity. Three 
trials were conducted for each animal with at least a week between trials to ensure 
animals had fully recovered. Both the maximum swimming time and the average 
swimming time over the three trials were noted. 
Display intensity for agonistic displays was measured using data from the 
male-male interactions above and was graded using the following index: raising of 
nuchal crest (1 ); raising of vertebral crest (1 ); lateral compression (1 ); lowering 
dewlap (1); tail-coiling (1); head-bob (1 *no. of head-bobs); arm circumduction 
(1 *no. of rotations); push-up (2*no. of push-ups). Asterixis represent multiplication 
per number of times a display element is performed by its index value, the sum of the 
total components of a display constitutes the index. Although more than one display 
may be performed per interaction, individual displays are quite distinct, with animals 
returning to normal posture afterwards or initiating physical combat. 
Display intensity and the display parameters with the greatest numerical 
variability, number of push-ups and head-bobs performed, were then correlated with 
endurance capacity and aggression to look for interactions. I also tested if body size 
and condition correlate with endurance capacity or display parameters. Additionally, 
a correlation between endurance capacity and aggression levels and/ or badge size 
was looked for. 
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Statistical analysis 
All statistical analyses were performed using SPSS 11.0, except for the generalised 
linear model, which was fitted using Genstat 6.1. All tests are two-tailed. Linear 
regression was performed using the difference in aggression score and the difference 
in badge area between opponents to controls for opponent effects. The relation is 
constrained to be symmetric. The chance of winning is constrained to 50% if the 
differences in badge area and aggression score are zero. For modelling purposes it is 
immaterial which animal is chosen as the one whose result is recorded, so long as the 
values for the other animal are subtracted from his values to give the aggression 
score and badge area differences. Each fight was included only once in the data set 
(N = 45) with difference in badge area used as the independent variable and 
difference in aggression as the dependent variable. The regression analysis excluded 
interactions with one animal, which did not affect overall significance, although the 
observed effect of difference in badge area in contests involving this animal was 
significantly different from the effect in the other contests (F1,47 = 7.590, P = 0.008, 
R2 = 0.142). This animal lacked aggressive responses while having an exceptionally 
large badge. A generalised linear model was used to test the predictive power of 
these two variables on an animal's likelihood to win a contest. The model was 
constructed using multiple logistic regression on binary data, with fight outcome as 
the response variable (win/lose) and difference in aggression and difference in badge 
area as the predictors. To test possible group effects in response to difference in 
aggression, an interaction term for group and regression score was added to the 
model. This did not lead to any significant improvement in fit (l,2 7 = 8.3, P = 0.300), 
and it was concluded that group effects are negligible. 
Measures of size, condition, endurance capacity, aggression and display 
parameters were analysed by computing Pearson correlation coefficients as variables 
were normally distributed. One animal was omitted from analyses as no accurate 
measures of mean and maximal endurance capacity were obtained (N = 31). 
Another was omitted from analyses using mean endurance capacity as only two 
measures of endurance capacity were obtained (N = 30). Mean endurance and 
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maximal endurance were highly correlated (r = 0.871, N = 30, P < 0.001) and so only 
mean endurance is discussed here ( except where discrepancies occur). 
Display data was obtained for 28 animals, as some animals were never 
observed to display (this includes the animal for which no accurate endurance 
measures were obtained and the animal no mean endurance data was available). 
Three measures of display intensity were used; the score for the first display given in 
the first encounter, the average display score for the first encounter, and the average 
over all encounters. All measures of display intensity were highly correlated and so 
the intensity score for the first display (in its first encounter) is presented here, as this 
excludes any experience effects (average score in first encounter: r = 0.922, N = 27, 
P < 0.001; average over all encounters: r = 0.579, N= 27, P = 0.001). Although this 
consists of a single measurement, the opportunity for experimenter error is low as the 
interactions are filmed and all actions are distinct. 
Twenty-three animals performed more than one head-bob in a display (this 
includes the animal for which no accurate endurance measures were obtained), and 
23 performed more than one push-up in a display, which was enough to allow 
analyses. The average number of push-ups and head-bobs performed in the first 
encounter for an animal is used (not all animals performed these as part of their first 
display). 
Results 
Badge size 
Badge area did not differ between seasons (paired t-test; t3o = 0.355, P = 0.725) and 
badge size was not correlated with condition (r = 0.106, N = 32, P = 0.565) or animal 
size (r = 0.205, N = 32, P = 0.260). 
The regression analysis showed a significant relationship between the 
difference in aggression between contestants and the difference in the size of their 
badges. The difference in badge area between contestants was a good predictor of 
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the difference in their aggression levels (F1,44 = 14.391 , P < 0.001 , R2 = 0.251 ) (Fig. 
1 ). Aggression scores of winners were significantly higher than those of losers 
(paired t-test: t44 = -8.838, P < 0.001). The difference between aggression in paired 
contests was the most significant predictor of winners (X21 = 44.77, P < 0.001) (Fig. 
2). The difference in badge size between contestants was also a predictor of winners 
(X2 1= 4.67, P = 0.031) (Fig. 3). 
Agonistic displays 
There was no correlation between either animal size or condition and mean 
endurance capacity (size: r = 0.286, N = 30, P = 0.126; ~ondition: r = 0.173 , N = 30, 
P = 0.361). Display intensity was not correlated with condition (r = 0.238, N = 28, P 
= 0.223)~ but did correlate positively with size (r = 0.450, N = 28, P = 0.0 l 6). There 
was no correlation between either animal size or condition and the number of head-
bobs performed (size: r = 0.078, N = 23 , P = 0.724; condition: r = -0.003 , N = 23 , P 
= 0.989). There was no correlation between either animal size or condition and the 
number of push-ups performed (size: r = 0.019, N = 23, P = 0.932; condition: r = 
0.233, N = 23 , P = 0.285). 
There was no correlation between the number of head-bobs performed and 
mean endurance capacity (r = -0.033, N = 22, P = 0.442). There was no correlation 
between the average number of push-ups performed and mean endurance capacity (r 
= 0.197, N = 23 , P = 0.183). Display intensity correlated positively with mean 
endurance capacity (r = 0.416, N = 26, P = 0.034) (Fig. 4). Maximal endurance 
capacity showed a positive but non-significant correlation in relation to display 
intensity (r = 0.309, N = 27, P = 0.117). 
There was no correlation between badge area and mean endurance (r = -
0.022, N = 30, P = 0.908). The difference in endurance of opponents does not relate 
to differences in aggression (r = 0.011 , N = 40, P = 0.945 , where N = number of 
interactions). Aggressiveness was not related to display intensity (r = 0.303 , N = 28, 
P = 0.117), or number of head-bobs given (r = 0.045 , N = 23 , P = 0.840) . There was 
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a positive correlation between number of push-ups and aggressiveness (r = 0.673 , N 
= 23 , P < 0.001). 
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Figure 1: The relationship between the difference in aggression and the difference 
in badge area (mm2) for pairs of adult male tawny dragons (N = 45) . 
Chapter Four ........... 64 
C') 
C: 
C: 
C: 
"i 
'+-0 
~ 
~ 
.0 
co 
.0 
0 
s... 
c.. 
1.oor 
0.90~ 
; 
o.sor 
0.70~ 
o.6or 
0.50~ 
i _____ J _______ ----------------• ----------- -------------'---------------------- -----'------ _____ J-----
40 0 10 20 30 
Difference in aggression scores 
---- -'-------
50 
Figure 2: The influence of the difference in aggression between adult male tawny 
dragons on likelihood to win, determined by a generalised linear model (N = 45). 
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male tawny dragon and its mean endurance capacity (s) (N = 26). 
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Discussion 
Badges of status 
The results show that as the difference in the size of the dark chest patches of adult 
male C. decresii increase, so does the difference in aggression levels between two 
males. Thus the size of the dark chest patches is positively associated with 
aggression levels, and the difference in the size of patches is a good predictor of 
contest outcomes. Aggression levels were the most significant determinant of which 
animal won a fight, however this is not known before a contest is initiated. Patch 
size is the next most important predictor of contest outcomes and could be used prior 
to initiating a contest. 
The size of the dark chest patch of C. decresii may act as a signal, or 'badge 
of status', indicating the aggressive tendencies of an individual. A relationship 
between the size of 'badges of status' and dominance has been found in a number of 
bird species and some lizard species (Senar and Camerino 1998; Whiting et al. 2003; 
Pryke et al. 2002). The size of the patch of C. decresii is static, as it does not change 
across seasons and is not condition or size dependent. It is possible that the badge of 
C. decresii reflects innate aggression levels as it does not change across seasons, and 
examination of plasma testosterone levels may be revealing. The tree lizard, 
Urosaurus ornatus, also has a badge that is fixed during adulthood (Thompson and 
Moore 1991). Unlike C. decresii, in other species of birds and lizards badges of 
status are condition-dependent (Whiting et al. 2003; LeBas 2001; Pryke et al. 2002). 
Condition dependence is seen more commonly with carotenoid badges (Badyaev and 
Hill, 2000; Whiting et al. 2003; Pryke et al. 2002). The link between melanin based 
badges and condition is not certain as the size of melanin badges is not altered by 
diet manipulations (Gonzalez et al. 1999; McGraw et al. 2002, 2003). Thus, while 
pigments such as carotenoids may reflect male fighting ability as determined by 
condition, melanin based patches may reflect another determinant of fighting ability 
such as testosterone mediated aggression levels (Whiting et al. 2003 ; Evans et al. 
2000; McGraw et al. 2003). Male house sparrows, for example, with higher levels of 
testosterone tend to be more aggressive and have bigger badges, as their melanin 
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based chest badges are under the control of testosterone levels during molt (Evans et 
al. 2000; McGraw et al. 2003). 
Badges of status are thought to evolve in order to reduce the number of 
contests with predictable outcomes engaged in by both receiver and signaller 
(Maynard Smith and Harper 1988). In bird species badges of status are most likely 
to evolve in non-territorial species with unstable flocks where most encounters are 
with strangers, while neighbouring males in territorial species presumably do not 
require such signals as they have prior knowledge of each other's fighting ability 
(Rohwer 1975, 1982; Pryke et al. 2001). Two conditions have been suggested that 
could relax these requisites so that badges may be beneficial in other systems. These 
are high costs of fighting and low costs of conspicuous signalling (Olsson 1994b ). 
For C. decresii, which is territorial, the risks of unnecessary fights are high. Contests 
can result in mouth-wrestling and biting and thus carry the risk of injury (Gibbons 
1977). As C. decresii live on exposed rocky outcrops, fighting is likely to increase 
their risk of predation. Interactions are also energetically demanding and so likely to 
decrease their ability to escape from predators and to engage in a future contest with 
a more evenly matched male (Gibbons 1977; Stuart-Fox et al. 2003). Thus a badge 
of status that signals male aggression may be beneficial in avoiding contests when 
the asymmetry in badge size is high. 
While the cost that maintains badge reliability cannot be determined from this 
experiment, it seems likely that costs will be low compared to the benefits of 
avoiding predictable contests. The badge is unlikely to incur a predation risk. Most 
predators of C. decresii are avian, and the badge is concealed ventrally (Gibbons 
1977; Gibbons and Lillywhite 1981; Stuart-Fox et al. 2003). Social remediation is 
possible with intruders with large badges paying the price of contest escalation, as 
seen in other species (Hurd 1997; Qvamstrom 1997; Candolin 2000). Sub-adult 
males live on adult male territories and do not develop badges until mature, although 
they do have adult gular colouration (Gibbons 1977). If increased levels of plasma 
testosterone are associated with badge size then the cost may be metabolic (Whiting 
et al. 2003; Buchanan et al. 2001 ), or in reduced immune function (Salvador et al. 
1996; Poiani et al. 2000). 
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Although the results show that animals with larger badges are more 
aggressive and thus more likely to win an encounter, they do not show that this 
information was actually used by the receiver in this experiment. Further studies 
would need to be carried out using manipulations of badge size and looking for 
differences in the response of the receiver. If receivers use badge size as a cue of 
opponent aggressiveness, then as the asymmetry in size increases the animal with the 
smaller badge would be expected to withdraw quicker and be less aggressive to an 
individual he expects to lose to, while the animal with the larger badge should be 
more willing to escalate as his likelihood of winning is greater. Animals with evenly 
matched badges would be expected to increase their levels of aggression to match 
their opponent as they have an equal chance of winning. 
Agonistic displays 
The results show that the displays given in agonistic encounters are correlated with a 
male's endurance capacity. Individual components such as push-ups and head-bobs 
are not indicative of endurance capacity. Rather it is the sum of the energetic 
components of a display that reflect mean endurance capacity, that is the total 
number of actions such as push-ups, head-bobs and arm waves performed in one 
display. It is interesting that the results are less clear regarding maximal endurance. 
It may be that because this is a single measure it is more susceptible to experimental 
error. Side-blotched lizards, Uta stansburiana, also show no statistically significant 
relation between the number of push-ups or head bobs performed and endurance 
capacity (Brandt 2003). However, the side-blotched lizard performed less push-ups 
and head-bobs when endurance was experimentally decreased prior to contests 
(Brandt 2003). Additionally a study on tree lizards found no relationship between 
endurance or dominance and individual behavioural components but rather found a 
relationship with the total behavioural score similar to this study (Robson and Miles 
2000). A significant relationship was found between number of push-ups performed 
and endurance capacity in an anti-predator context in an anole species (Leal 1999). 
Endurance and display intensity were not condition dependent; endurance 
was also not related to size. This is reasonable as condition is a measure of mass 
relative to body length and so this represents fat storage whereas endurance depends 
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on energy stores that are immediately accessible. A lack of correlation between 
condition and endurance capacity or dominance has also been found in other lizards 
(Brackin 1978; Brandt 2003). Larger animals gave displays of higher intensity. Size 
differences in display behaviour have been noted in anole lizards where larger lizards 
gave more displays, and may provide a means of size assessment (Tokarz 1985). As 
animals were size-matched, the possible effects of size in determining contest 
outcomes was ruled out, but larger males of C. decresii are more likely to win in 
contests with size asymmetries (Chapter 3). 
Of the behavioural components, the number of push-ups given during a hind-
leg push-up display did correlate with the aggressiveness of an animal. As this is 
likely to be the most demanding component of a display, it may reflect an animal's 
aggressive motivation and thus its likelihood to win. No relation was found between 
an animal's endurance capacity and its aggression level, which is a strong predictor 
of its likelihood to win a contest. Endurance capacity is related to dominance in 
other lizard species (Schall et al. 1982; Schall and Dearing 1987; Robson and Miles 
2000; Perry et al. 2004 ), although one study found no relation between this measure 
of locomotor performance and dominance (Garland et al. 1990). It is uncertain why 
no relationship was found for C. decresii. It may be that the display does not 
intentionally carry information on endurance as this information is not used by or is 
not useful to the receiver. Perry et al. (2004) hypothesised that for the anole species, 
Anolis cristatellus, endurance did not directly determine the outcome of contests 
between males but was linked to dominance through another underlying factor such 
as hormone levels. A study on cricket frogs found that the dominant frequency of 
male calls provided information on male size and so potentially fighting ability, 
however, it was also unclear if opponents used this information (Burmeister et al. 
2002). It may simply be a by-product, where animals display within the constraints 
of their endurance in order to impart other information. However, if displays reduce 
your ability to engage in further activity such as fighting then it will influence the 
outcome of a contest and so it seems unlikely that animals would push their limits for 
no purpose. Experimental reduction of endurance, such as by prior exercise, and 
subsequent analysis of effects on contest outcomes would determine more directly if 
endurance is important and thus if the information may be utilised. It is possible that 
in arena trials such as this, where contests occur in a confined space that contests 
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escalate more rapidly than in a natural environment. Thus their displays do not have 
time to function as a handicap as this part of the contest is cut short, on occasions 
animals were interrupted during a display by their opponent. Additionally, 
endurance may not be a primary determinant of contest outcomes but in the event of 
all other determinants being equal, including size and aggression level, it may 
become important. Whether endurance is important in determining fight outcome 
will partly depend on the length of a bout of fighting. Short bouts will occur in short 
bursts and not cause an animal to reach its endurance limit. For C. decresii, physical 
combat is short with most time in contests being consumed by displaying and 
posturing. Considering the lack of a relationship between endurance and dominance 
found in this study, further studies of locomotor performance and male quality 
should endeavour to include behavioural data. 
Additional studies looking at other possible information content of the 
displays would also be useful. The displays may reflect aggressive motivation, so 
that animals more willing to fight give more complex displays. This could be 
investigated using experiments aimed at manipulating the motivation of animals such 
as by altering 'territory' quality and then analysing the display components. If 
displays contain information on motivation then displays should be more complex, 
either by containing more types of components ( e.g. head-bobs and arm 
circurnduction) or greater numbers of any components ( e.g. increasing number of 
head-bobs). Displays may also carry information on individual identity, however 
this is unlikely to be the sole function as animals are able to recognise opponents 
without them displaying (Chapter 2). 
Conclusions 
The results suggest that for C. decresii there are multiple signals used in a single 
context, male-male interactions, and that some of the information carried by the 
signals refers to different aspects of male quality. The black chest patches of C. 
decresii function as a 'badge of status' signalling male aggression and social 
dominance but are not related to endurance or size, and the dynamic displays signal 
endurance capacity, size and aggression. However, both signals carry information on 
male aggression suggesting some redundancy in the information contained which 
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supports the back-up hypothesis. As the badges are static signals of aggression, the 
dynamic displays may be used in conjunction to modify information on a male ' s 
current aggressive motivation. Also, it seems endurance is not an important factor in 
winning contests and so the receiver may not use this information. Further studies 
into the information content of these displays will be carried out in order to 
determine this. 
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Chapter Five 
Signals of male motivation in the agonistic displays of the tawny dragon, 
Ctenophorus decresii 
Introduction 
Threat or agonistic displays are thought to decrease the need for physical combat by 
allowing animals to assess each other's potential to win before escalatin~ an 
interaction. A number of factors may be conveyed by a display, all of which can 
influence an animal's ability to win. These include intrinsic fighting ability ( e.g size) 
(Lindstrom 1992; Hack 1997b ), and extrinsic factors such as residency or motivation 
(Hack 1997b; Nijman and Heuts 2000). 
The value of a resource being contested is likely to be important in 
determining the outcome of contests. As the value of a resource increases it can 
potentially offset the greater costs of fighting and thus an animal will have more 
motivation to raise the stakes in an interaction (Stocker and Huber 2001; N osil 
2002). Resource value can affect motivation levels through asymmetries in 
knowledge of a resource, such as a territory with the resident having invested more 
time in the resource (Turner 1994). Asymmetries in the value of a resource also can 
affect motivation, such as food where the hungrier animal may be more motivated to 
fight (Stocker and Huber 2001; Nosil 2002). Territory holders generally win fights 
more than intruders (Turner 1994; Olsson and Shine 2000; Hardy and Kemp 2001 ). 
In encounters between territorial males, displays may be expected to contain more 
information on motivation than male quality since relative fighting ability already 
should be known (Lange and Leimar 2003). The quality of a territory with regard to 
suitable refuge sites, basking sites, food abundance, presence of mates, and the 
degree of obtrusion of a rival male all may affect a males willingness to engage in 
combat (Waas 1991; Johnstone 1997). Male sand gobies (Pomatoschistus minutus), 
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for example, show more aggression when contesting over larger nests because a 
larger nest can hold more eggs (Lindstrom 1992). 
If asymmetries in motivational levels affect contest outcomes then motivation 
should be signalled to opponents to reduce unnecessary fighting. The complexity of 
signals, such as increased display intensity, should increase with resource value 
(Enquist et al. l 998; Husak 2004 ). Studies have shown that relative resource value 
can influence contests. Increased aggression towards opponents is noted in a variety 
of species when the resource value is higher, for example hungry crayfish, 
Orconectes rusticus, will escalate more rapidly in the presence of food (Stocker and 
Huber 2001 ), and the lizard Podarcis hispanicus is more aggressive toward intruders 
in the presence of a female (Lopez and Martin 2002b ). How information on 
increased motivation is contained within agonistic displays is unclear. The field 
cricket, Gryllus bimaculatus, uses a different display pattern in agonistic encounters 
when a female is present (Tachon et al. 1999). The little blue penguin, Eudyptula 
minor, uses increasingly risky displays with increasing motivation levels (Waas 
1991 ). The territorial collared lizard, Crotaphytus collaris, is less aggressive toward 
neighbours, and the rate of lateral display is correlated with aggression and thus may 
signal motivation (Husak 2004). 
The purpose of this study was to investigate how display structure varied with 
motivational levels in the territorial tawny dragon, Ctenophorus decresii. Agamid 
and iguanid lizards have highly complex displays (Jenssen, 1977; Gibbons 1979; 
DeCourcy and Jenssen 1994). It has been suggested that males with a greater 
motivation to fight will produce more intense displays, that is use a greater number 
of head-bobs or increase the number of elements such as postural movements 
(Jenssen, 1977). Ctenophorus decresii is a small arid zone agamid from Southern 
Australia (Gibbons 1979). Males are highly territorial and aggressive towards other 
males. Fights between males involve threat postures such as elevation of the body 
with the back arched, lateral compression, lowering of the gular region and erection 
of nuchal and vertebral crests (pers. obs.; Gibbons 1977, 1979). Dynamic 
components include hind-leg push-ups where the rear of the animal is lifted in the air 
with the tail coiled over the back, often in conjunction with head bobbing and 
forearm waving (pers. obs.; Gibbons 1977, 1979). Since animals are territorial it is 
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expected that territory owners would signal their increased motivation to fight to 
intruder males. Territory quality, such as the availability of perch/basking sites, may 
influence their motivation to fight. Adult male C. decresii spend much time on top 
of rocks surveying their territory (Gibbons 1977). Time in residency also may 
increase male motivation to fight as it reflects an investment in a resource; males 
excavate tunnels under rocks as refuge sites and also appear to form social bonds 
with females that have overlapping territories (Gibbons 1977). Females can be 
aggressive to unknown males (Gibbons 1977). Distance to an opponent also has 
been noted as affecting aggressive motivation in other species (Dugan 1982; 
DeCourcy and J enssen 1994 ), and for territorial species such as C. decresii 
presumably the distance of an intruder will alter the perceived threat. 
In this study I conducted three different manipulations of territory quality and 
examined the displays produced for possible signals of aggressive motivation. 
Specifically I tested if the number of displays performed, overall intensity of the 
display, the number of head-bobs and the number of push-ups performed differed 
between treatments. The three manipulations were of time in residence, perch size 
and distance to an opponent's territory. Aggressive motivation was expected to 
mcrease with increasing time in residence and perch size ( which represent an 
mcrease in knowledge of the resource and an increase in resource value 
respectively), and to decrease with increasing distance to the opponent's territory. 
Methods 
All animals were collected from the Flinders ranges in South Australia as mature 
adults (SVL > 65mm) in 2000 and in 2001. Animals were collected over a wide area 
to avoid collecting neighbours with prior knowledge of one another. Animals were 
caught by noosing using waxed dental floss on the end of a Sm telescopic fishing 
pole, and immediately transferred to calico bags. All individuals were recognisable 
by their unique gular patterns and colouration, and so it was not necessary to 
individually mark them. Animals were housed individually in outdoor enclosures for 
the duration of spring and summer (2003-2004) in Canberra, Australia. The 
enclosures were 2m in diameter and divided in half with one male in each side. The 
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divider prevented males from visual or chemosensory contact with other males while 
in their home enclosures. Enclosures had a natural soil substrate, with tussock grass, 
refugia and basking sites provided in the form of rocks and roof tiles. Food and 
water was available ad libitum in their home enclosures. Wild insects were available 
as a food source, which supplemented the diet of captive crickets. Twenty-eight 
animals were used in this study. Animals were retained in captivity for further 
studies. 
Males were assigned to size matched groups of four individuals according to 
a size index. The index was calculated by running a principal components analysis 
with data for mass, snout-vent length (SVL) and head width, and ranking the 
regression factor scores obtained. Animals were then split into groups of four size-
matched animals according to this ranking. This method of size-matching was 
preferred to using any one size variable as it incorporated variability of the different 
measures of size, and SVL, mass and head-width all have shown to be important in 
determining male contest outcomes (Vitt and Cooper 1985; Olsson 1992; Stuart-Fox 
2002). For each experiment, animals were paired with one member of their size-
matched group; pairs were constant within an experiment to control for opponent 
identity. Animals did not have physical contact and thus did not resolve contests or 
have losing ( or winning) experiences. 
Experiments were conducted outdoors in November and December 2004 
between the hours of 1000 and 1500 hours when the animals are naturally active. 
Experiments were conducted in outdoor enclosures that had a wooden base with a 
plastic overlay and heat cord that was threaded between the two layers. The sides 
consisted of chicken wire with a plastic sheet attached to the inside to prevent 
animals from climbing out. The enclosures were 140x50x50cm. One end of the 
enclosure had a 50x50cm Perspex sheet on the front to allow filming, and the 
enclosure was split into two equal halves using a 50x50cm Perspex sheet to prevent 
animals from having physical contact. A sheet of paper covered the Perspex 
partition securely and was only removed at the start of a trial. Both halves had a 
water dish and a refuge. Shade was provided for the enclosures. The wooden base 
of the enclosure consisted of three sections, two of 50x50cm and one 40x50cm (total 
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length of 140cm). This allowed the middle section to be removed as described in 
experiment three (Fig. 1 ). 
Experiments were conducted to determine the effect of three variables on the 
aggressive motivation of C. decresii. The three experiments manipulated time in 
residence, perch size (animals use large boulders to survey their territory in the field) , 
and the distance to the opponent's territory. To control for the treatment order, 
animals in an experiment were split into three groups, two groups had five pairs and 
one had four pairs. The order of presentation of treatments was different for each 
group as explained below for the first experiment. For each experiment animals had 
a 48-hour rest period between treatments. Live conspecifics were the most 
appropriate stimulus to use for this study. Although the behaviour of the stimulus 
cannot be controlled, the focal lizards behaviour was compared only within 
experiments, and so the comparisons are always to the same stimulus lizard. The use 
of mirrors does not control for individual behaviour either, as each lizard still 
responds to a different individual, albeit his own reflection. Mirrors have another 
inherent disadvantage in that the feedback from the 'opponent' occurs in an 
unnatural manner (Ord et al. 2002). In the study species most animals will not 
respond to mirrors (pers. obs; Gibbons 1977). Additionally, displays are usually 
given asynchronously in natural encounters, while in the case of mirrors the displays 
are synchronous and this results in unnatural behaviour in those that do react to 
mirrors (pers. obs). Video playback, although useful in many studies, would be 
inappropriate in this case. The visual system of the study species is not well known, 
and the lack of response from the opponent may influence the focal lizards 
behaviour. 
Experiment 1: Time in residence 
In this experiment I tested if the length of time in residence affected an animals 
aggressive motivation. Three different lengths of time in residence in the enclosures 
were used; 10 minutes, 1 hour, and 48 hours. These times were chosen as 10 minutes 
is not long enough for an animal to adjust to a territory or assert ownership, but 
animals are known to react aggressively after one hour in a territory (Chapters 2 and 
3 ), and 48 hours is sufficient time for animal to explore, become familiar with and 
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mark a territory. Time was measured using a stopwatch from when the animal was 
placed in the enclosure. The order of presentation of treatments was as follows for 
the three groups of animals; group 1: 10mins, 1 hour, 48 hours; group 2: lhour, 48 
hours, 10 mins; and group 3: 48 hours, 10 mins, 1 hour. 
Experiment 2: Perch size 
This experiment tested if aggressive motivation was affected by territory quality, 
using perch size as a measure of quality. Stackable plastic containers turned upside 
down were used as perches, with the internal space acting as a refuge. To increase 
the height of the perch without affecting the dimensions of the refuge space within, I 
placed stackable containers of different sizes but of the same colour over each other. 
When placed upside down they fitted neatly over each other leaving the internal 
space unchanged. The dimensions of the containers were; small 17x10x8.5cm, 
medium: 22x13.5x12.5cm, large: 27.5x20.5x16.5cm. Animals were left to acclimate 
to the enclosures overnight for this experiment. 
Experiment 3: Opponent territory distance 
This experiment aimed to test if the distance of a rival affects an animal's aggressive 
motivation. To do this I manipulated the distance between opponents ' territories. 
The enclosures were separated into two halves for this experiment. To allow filming 
50x50cm Perspex sheets were placed over both ends of one half and at the front of 
the other half. The two halves of each enclosure were then placed with three 
different distances between them (Fig. 1) (measured from the end piece of Perspex 
for the first half to the front piece of the second half); 20cm, 50cm, or 85cm. 
Distances could not exceed the distance that allowed accurate analysis of both 
animals' behaviour from the tapes. Animals were left to acclimate to the enclosures 
overnight for this experiment. 
Filming was done using a Panasonic NV-DS28 digital video camera mounted 
5 0cm from the side of the enclosure. Both animals in an enclosure were filmed 
simultaneously for analysis. Interactions were ended at 20 minutes. The recording 
of each interaction was analysed by taking behavioural observations from the tapes. 
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Behaviours were scored according to the following index with scores in parentheses: 
attempt wrestle (3), hind-leg push-up display (3) (this involves lowering of dewlap, 
lateral compression, slow push-ups, and tail coiling), chase (2), aggressive posturing 
(2) (raising of nuchal or vertebral crests, back arching, lateral compression, lowering 
dewlap), jerky walk (1), and tail flick (I) (modified from Stuart-Fox 2002). The 
scores are a conservative index of aggression and analogous to standard scoring 
systems used in other studies of lizard contests (e.g. Fox and Baird 1992; Whiting 
1999). Although more than one display may be performed per interaction, individual 
displays are quite distinct, with animals returning to normal posture afterwards. 
Display intensity for agonistic displays was graded using the following index: 
raising of nuchal crest (1 ); raising of vertebral crest (I); lateral compression (I); 
lowering dewlap (I); tail-coiling (I); head-bob (I x no. of head-bobs); arm 
circumduction (I x no. of rotations); push-up (2 x no. of push-ups). So for display 
elements that occur in variable numbers (head-bobbing, arm circumduction, and 
push-ups), in any display the number of times a display element is performed is 
multiplied by its index value (in parentheses). The sum of the total components of a 
display constitutes the index. The display parameters with the greatest numerical 
variability, number of push-ups and head-bobs performed, also were noted. The 
mean display intensity, mean number of head bobs, and mean number of push-ups in 
a contest was used for analyses. 
D D 
~ 
0 0 
~ ~ 
20cm, 50cm, or 85cm 
Figure 1: Set-up of enclosures for experiment three. Dashed lines represent Perspex 
sheets; each half of the enclosure contains a water bowl and a refuge. 
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Statistical analyses 
All statistical tests were conducted using SPSS 11.0 and are two-tailed. Data that 
was not normally distributed was log transformed to achieve normality and where 
data could not be normalised non-parametric tests were used. The data was analysed 
using a repeated measures ANOVA where the treatment was used as a within subject 
effect, and group as a between subject effect. Using group as a between subject 
effect tested for any effects of the order of treatment presentation on behaviour. 
Where sphericity was not present a Huynh-Feldt conversion was used on the degrees 
of freedom. When data could not be normalised or sample sizes were small, the non-
parametric Freidman test for multiple related samples was used. A Kruskal-Wallis 
nonparametric test was used to test for group effects in these cases. For analyses 
relating to displays any animals that failed to respond in all three encounters were 
omitted from the data. Spearman rank correlations coefficients were generated to 
test for relationships between aggression and display parameters, and to test for 
relationships between opponent aggression levels. 
Results 
Time in residence 
There was no effect of treatment on any of the parameters measured (Table 1 ). 
There was no effect of group on any of the parameters measured: aggression levels 
(F2 = 0.008, P = 0.992); number of displays given (A = 0.024, P = 0.977); mean 
2 2 
intensity of displays (10 minutes: X 2 = 0.243 , P = 0.886; one hour: X 2 = 0.251 , P = 
2 
0.882; 48 hours: X 2 = 0.567, P = 0.753); mean number of head-bobs in displays (10 
2 2 2 
minutes: X 2 = 1.122, P = 0.571; one hour: X 2 = 0.066, P = 0.967; 48 hours: X 2 = 
1.805, P = 0.405); or the mean number of push-ups in displays (F2 = 0.391 , P = 
0.685). For all times in residency, aggression scores were correlated with mean 
display intensity and mean number of push-ups (Table 2). Aggression scores were 
correlated with mean number of head-bobs at 10 minutes and at one hour' s 
residency, but not at 48 hours residency (Table 2). There was a significant 
correlation between the aggression scores of opponents at 10 minutes and at one 
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hour's residency, and there was a non-significant positive correlation at 48 hours 
residency (Table 2). 
Table 1: Effect of three different times in residency on the behaviour of male tawny 
dragons (aggression, N = 28; number of displays given, N = 16; mean display 
intensity, N= 16; mean number of head-bobs, N= 12; and mean number of push-ups, 
N= 14) 
Parameter Effect of treatment 
F2 X2 p 
Aggression 2.126+ 0.787 
No. of displays 1.110+ 0.341 
Mean display intensity 1.926 0.382 
Mean no. of head-bobs 1.676 0.433 
Mean number of push-ups 0.366 0.698 
+ the sphericity assumption was not met so the Huynh-Feldt correction was applied (aggression, d.f. = 1.812; 
no.of displays, d.f. = 1. 794 ). 
Table 2: Spearman rank correlations coefficients for aggression scores against 
display parameters, and aggression scores of opponents. Scores are presented for 
trials in three different times in residency (IO mins, N = 20; 1 hour, N = 23; 48 hours, 
N = 22). For correlations between opponent aggression scores, N = 14, and is the 
number of contests 
Parameter 10 mins 
rs p 
Display intensity 0.652 0.002 
Head-bobs 0.466 0.038 
Push-ups 0.610 0.004 
Opponent aggression 0.683 0.007 
1 hour 
rs p 
0.594 0.003 
0.491 0.017 
0.481 0.020 
0.594 0.025 
48 hours 
rs p 
0.562 0.007 
0.146 0.518 
0.670 0.001 
0.532 0.050 
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Perch size 
There was no effect of treatment on any of the parameters measured (Table 3). 
There was no effect of group on any of the parameters measured: aggression levels 
2 (A = 0.842, P = 0.443); number of displays given (small: X 2 = 3.452, P = 0.178; 
2 2 
medium: X 2 = 1.261 , P = 0.532; large: X 2 = 0.263 , P = 0.877); mean intensity of 
. 2 . 2 2 
displays (small: X 2 = 1.412, P = 0.494; medmm: X 2 = 2.315, P = 0.314; large: X 2 = 
2 
0.623, P = 0.732); mean number of head-bobs in displays (small: X 2 = 1.373, P = 
2 2 
0.503; medium: X 2 = 1.818, P = 0.403; large: X 2 = 1.037, P = 0.595); or the mean 
number of push-ups in displays (F2 = 0.784, P = 0.489). For all perch sizes, 
aggression scores were correlated with mean display intensity and mean number of 
push-ups, but not mean number of head-bobs (Table 4). There was a significant 
correlation between the aggression scores of opponents for all treatments (Table 4 ). 
Table 3: Effect of three different perch sizes on the behaviour of male tawny dragons 
(aggression, N = 28; number of displays given, N = 15; mean display intensity, N = 
15; mean number of head-bobs, N= 11; and mean number of push-ups, N= 11) 
Parameter Effect of treatment 
A X2 p 
Aggression 2.174 0.124 
No. of displays 2.261 0.323 
Mean display intensity 3.038 0.219 
Mean no. of head-bobs 3.829 0.147 
Mean number of push-ups 0.065 0.937 
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Table 4: Spearman rank correlations coefficients for aggression scores against 
display parameters, and aggression scores of opponents. Scores are presented for 
trials with three different perch sizes (small, N = l 6; medium, N = 21; large, N = 16). 
For correlations between opponent aggression scores, N = 14, and is the number of 
contests 
Parameter Small Medium Large 
rs p rs p rs p 
Display intensity 0.621 0.010 0.632 0.002 0.649 0.007 
Head-bobs 0.162 0.548 0.116 0.616 0.351 0.183 
Push-ups 0.581 0.018 0.445 0.043 0.625 0.010 
Opponent aggression 0.781 0.001 0.802 0.001 0.610 0.020 
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Opponent territory distance 
There was an effect of treatment on aggression levels (Table 5). Both the 20cm and 
50cm treatment varied significantly from the 85cm treatment (Wilcoxon signed ranks 
test: 20cm: T= -2.504, N= 28, P = 0.012; 50cm: T= -2.551 , N = 28, P = 0.011) but 
not from each other (T = -0.545 , N = 28, P = 0.586) (Fig. 2). The mean number of 
push-ups in displays was affected by treatment (Table 5). The 50cm and 85cm 
treatment were significantly different (Wilcoxon signed ranks test: T = -2.070, N = 7, 
P = 0.038) (Fig. 3). No push-up displays were seen in the 85cm treatment. There 
was no effect of treatment on the number of displays given, the mean intensity of 
displays (for both of these the mean for the 85cm treatment was the lowest) , or the 
mean number of head-bobs in displays (Table 5). 
Table 5: Effect of three different distances to the opponent's territory on the 
behaviour of male tawny dragons (aggression, N= 28; number of displays given, N = 
8; mean display intensity, N = 8; mean number of head-bobs, N = 6; and mean 
number of push-ups, N= 7) 
Parameter Effect of treatment 
x-2 P 
Aggression 8.265 0.016 
No. of displays 3.714 0.156 
Mean display intensity 5.429 0.066 
Mean no. of head-bobs 1.368 0.504 
Mean number of push-ups 6.348 0.042 
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Figure 2: The rnean aggression score of rnale tawny dragons when the distance to 
the opponent's territory varies (N = 28). 
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Figure 3: The mean number of push-ups performed in agonistic displays by male 
tawny dragons when the distance to the opponent's territory varies (N = 7). 
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There was no effect of group on any of the parameters measured: aggression 
2 2 2 
levels (20cm: X 2 = 3.809, P = 0.149; 50cm: X 2 = 1.442, P = 0.486; 85cm: X 2 = 
2 2 
1.589, P = 0.452); number of displays given (20cm: X 2 = 4.341 , P = 0.114; 50cm: X 2 
2 
= 5.715, P = 0.057; 85cm: X 2 = 1.000, P = 0.607); mean intensity of displays (20cm: 
2 2 2 
X 2 = 4.554, P = 0.103; 50cm: X 2 = 4.331, P = 0.115; 85cm: X 2 = 1.000, P = 0.607); 
2 2 
mean number of head-bobs in displays (20cm: X 2 = 1.236, P = 0.539; 50cm: X 2 = 
2 f . 4.839, P = 0.089; 85cm: X 2 = 1.000, P = 0.607); or the mean number o push-ups m 
2 2 2 
displays (20cm: X 2 = 3.077, P = 0.215; 50cm: X 2 = 1.260, P = 0.533; 85cm: X 2 = 
0.000, P = l .000). 
For 20cm and 50cm distance, aggression scores were correlated with mean 
display intensity and mean number of push-ups (Table 6). Aggression scores were 
only correlated with mean number of head-bobs at 50cm distance (Table 6). For 
85cm distance only one animal displayed and this involved only head-bobbing. 
There was a significant correlation between the aggression scores of opponents at 
20cm and 50cm distance, but not at 85cm distance (Table 6). 
Table 6: Spearman rank correlations coefficients for aggression scores against 
display parameters, and aggression scores of opponents. Scores are presented for 
trials with three different distances to the opponent's territory (20cm, N = 17; 50cm, 
N = 18; 85cm, N = 0). For correlations between opponent aggression scores, N 
14, and is the number of contests 
Parameter 
Display intensity 
Head-bobs 
Push-ups 
20cm 
rs p 
0.791 <0.001 
0.274 0.288 
0.702 0.002 
Opponent aggression O. 810 <O.001 
50cm 
rs p 
0.704 0.001 
0.625 0.006 
0.676 0.002 
0.589 0.027 
85cm 
rs p 
0.294 0.307 
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Discussion 
The aggressive motivation of male C. decresii was affected by the distance of the 
opponent' s territory, but not by time in residence or territory quality ( determined by 
perch size). Males were significantly less aggressive, and performed fewer push-ups 
when the opponent's territory was further away (85cm). The number of push-ups 
given in agonistic displays under all manipulations increased with increasing 
aggression suggesting that it reflects the aggressive motivation of males. Although 
the number of head-bobs correlated with aggression in some treatments, this was not 
consistent and so unlikely to indicate aggressive motivation by itself. The behaviour 
of animals was strongly influenced by that of the opponent with aggression matching 
occurring in most treatments, except when the opponent' s territory was furthest away 
(85cm). 
Territorial species that have repeated interactions with neighbours, and are 
capable of rival recognition, are likely to signal motivation because fighting ability 
will already be known (Lange and Leimar 2003; Husak 2004). Both these conditions 
apply to C. decresii (Chapter 1 ). The number of push-ups performed in displays may 
be a signal of aggressive motivation, although motivation itself did not vary with 
most of the treatments. A previous study also found that the number of push-ups 
performed was closely correlated with aggression in this species (Chapter 4) . The 
number of push-ups performed is an independent measure from the aggression index. 
The aggression index includes only the number of displays performed, not the 
number of push-ups performed per display. Although display intensity is correlated 
with aggression, no difference was found across treatments, unlike for the number of 
push-ups performed. This suggests that display complexity, measured by the amount 
of modifiers used ( e.g head-bobbing and arm waving), does not reflect motivation. 
There is some evidence that displays in other species also carry information on 
aggressive motivation. In the collared lizard the rate of lateral display is correlated 
with aggression and thus may signal motivation, with animals showing a lower 
display rate to territorial neighbours than strangers (Husak 2004). Display rate in 
great tits also relates to aggressive motivation (Lange and Leimar 2003). The green 
anole showed behavioural changes in response to manipulations of territory quality, 
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however when animals from asymmetric territory qualities were paired no 
behavioural differences were detected due to opponents matching behaviour 
(McMann 1993 ). Motivational signals were found to be lacking in the displays of 
the iguanid Sceloporus occidentalis in the field (Lamont 1997). 
Animals probably perceive distant opponents as less of a threat and so 
showed lower aggressive motivation when the opponent was further away. Other 
lizards show a greater tendency to react to opponents when they are within a certain 
tolerable limit, such as 1-1.Sm for the green iguana (Dugan 1982). The green anole 
shows an increase in display rate with decreasing inter-male distance in laboratory 
contests (DeCourcy and Jenssen 1994). It is also possible that the animals were 
unable to detect stimuli that elicit aggressive behaviour at the greater distance due to 
the visual acuity of this species. This would seem unlikely, however, due the large 
size of territories in the wild, where animals perch on large boulders to display to one 
another, and the visual sense being the primary sensory mode in agamids (Gibbons 
1977, 1979). In this study animals were quite aggressive in all the manipulations of 
time in residency and this has important implications for experimental design in this 
species. The response to all manipulations of time in residency with equal 
aggression suggests that acclimation period is not important in inducing aggressive 
behaviour. On the other hand, placing animals in artificially close situations, such as 
arena trials, may cause unnatural interactions by forcing them to be more aggressive 
and escalate more rapidly than would occur normally. Time in residency is expected 
to increase motivation as the knowledge of the resource increases and time invested 
in exploring the resource increases. As discussed above, residency gives a winner 
advantage in this species, however no differences in aggression were detected 
between residents and non-residents (Chapter 3). Aggression has been found not to 
reflect motivation to fight in a variety of species of fish where the resident advantage 
was manipulated by altering the quality of a territory through structural complexity 
(Nijman and Heuts 2000). The residency effect was increased but aggression levels, 
and behavioural cues, did not vary (Nijman and Heuts 2000). 
The close aggression matching of animals was found in another study of C. 
decresii (Chapter 3). Aggression matching can be a method of assessing opponent 
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quality itself such as in models of 'war of attrition' (Payne 1998). The aggression 
matching of opponents also may be the mechanism that constrains signals of 
motivation to being reliable. Increasing aggression may carry the risk of the 
opponent escalating likewise, and in some species must be backed up with attacks to 
have an effect (Waas 1991; Lange and Leimar 2003). Aggression matching also may 
also ensure reliability through mechanisms other than risk of attack. It may increase 
risks such as exposure to predators. Ctenophorus decresii are commonly preyed 
upon by aerial predators (Stuart-Fox et al. 2003), and by increasing the length of 
interactions, they might lose time for foraging or mate guarding. 
Signalling motivation to fight would be beneficial to both the signaller and 
receiver as it provides another measure of an animals ' likelihood to win a fight that 
can be assessed prior to engaging in combat. Although I did not directly test if more 
motivated animals were more likely to win, previous studies have found a close 
relationship between aggression levels and winning in C. decresii (Chapter 4). 
Threat displays are affected by intrinsic and extrinsic factors. Motivation levels can 
be affected by internal factors, which affect the perceived value of a resource, such 
as hunger (Stocker and Huber 2001; Hurd and Enquist 2001) or external factors such 
as habitat quality and opponent (Hurd and Enquist 2001). For C. decresii, contest 
behaviour seems to be affected to a large extent by the behaviour and proximity of 
rivals. 
Motivational cues also may be present in more subtle aspects of display 
structure such as amplitude of head-bobs or frequency of components. It was not 
possible to test for this in this study, as it requires careful control of camera angle 
(and distance to animal should be known) to interpret such data accurately. The 
number of push-ups performed in a display is a reflection of an animal ' s 
aggressiveness, but because male aggression is correlated with that of his opponent 
in this species, it is difficult to manipulate individual motivation. Aggression 
matching is possibly one of the reasons no behavioural differences were detected 
between most treatments. It is also possible that the selected manipulations were of 
little perceivable or meaningful difference to the animals. However, residency is 
known to affect contest outcomes in this species so it is likely that this is a 
meaningful factor to males (Chapter 3). Although residency provides an advantage, 
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there were no detectable differences in aggression levels between residents and 
intruders (Chapter 3). Manipulations of resource quality combined simultaneously 
with distance manipulations would be insightful. Other manipulations of resource 
quality, such as the presence of a female, or manipulations of habitat complexity may 
be useful. 
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